M2298 K/N 


Fixed Disk Unit 
Customer Engineering Manual 


FUJITSU 


BO3P-4580-0403A...01A 


BLANK 


REVISION RECORD 


Edition Date Published Revised contents 


Nov.. 1984 Advanced Release 


Sm March, 1985 Editorial Changes 


Specification No.: BO3P-4580-0403A 


Address comments concerning this manual to: 
FUJITSU LIMITED 

International Marketing. 

6-1 Marunouchi 2-chome. Chiyoda-ku. Tokyo 100, Japan 
TEL: 093-216-3211 

TLX: J22833 

Cable: “FUJITSULIMITED TOKYO" 

or 

FUJITSU AMERICA INC. 

3055 Orchard Drive, San Jose, CA 95134, U.S.A. 
TEL: (408) 946-8777 (FAX: TEL (408) 945-1318) 
TLX: 176207 

TWX: 910-338-2193 

or 

FUJITSU EUROPE LIMITED 

54 Jermyn Street. London SW1Y 6NQ, ENGLAND 
TEL: 001-408-0043 

TEX: 263871 FT ERPG 


The contents of this manual is subject to change or 
without prior notice. FUJITSU ELEKTRONIK GmbH 

SonnenstraBe 29 8000 Munchen 2, F.R. GERMANY 
All Rights Reserved. TEL: 89-52891 - 4 (FAX TEL: (089) 592895) 
Copyright 1984 by FUJITSU LIMITED TLX: 5213994 FEG D 


BO3P-4580-0403A...01A 


BLANK 


LIST OF EFFECTIVE PAGES 


ee ee 


xvi 
SECTION 1 
BLANK 
1-1 

1-2 

1-3 

1-4 

1-5 

1-6 
SECTION 2 
BLANK 
2-1 

2-2 

2-3 

2-4 

2-5 
BLANK 
SECTION 3 
BLANK 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-13 

3-14 

3-15 

3-16 

3-17 

3-18 

3-19 

3-20 

3-21 

3-22 

3-23 

3-24 

3-25 

3-26 

3-27 

3-28 

3-29 
BLANK 
SECTION 4 
BLANK 
4-1 

4-2 

4-3 

4-4 

4-5 


4-79 

4-80 
01A 4-81 
4-82 
4-83 
4-84 
4-85 
4-86 
4-87 
4-88 
4-89 
4-90 
4-91 
4-92 
4-93 
4-94 
4-95 
4-96 
4-97 
4-98 
4-99 
4-100 
4-101 
4-102 
4-103 
4-104 
4-105 
4-106 
4-107 
4-108 
4-109 
4-110 
4-111 
4-112 
4-113 
4-114 
4-115 
4-116 
4-117 
4-118 
4-119 
4-120 
4-121 
4-122 
4-123 
4-124 
SECTION 5 
BLANK 
5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5-11 
5-12 
5-13 
5-14 
5-15 
5-16 
5-17 
5-18 
5-19 
5-20 
5-21 
5-22 
5-23 
5-24 
5-25 


O1A 4-6 01 01 


5-26 
5-27 
5-28 
5-29 
5-30 
5-31 
5-32 


6-1 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6-9 

6-10 
6-11 
6-12 
6-13 
6-14 
6-15 
6-16 
6-17 
6-18 
6-19 
6-20 
6-21 
6-22 
6-23 
6-24 
6-25 
6-26 
6-27 
6-28 
6-29 
6-30 
6-31 
6-32 
6-33 
6-34 


7.1 


8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 
8-9 
8-10 
8-11 
8-12 
8-13 
8-14 
8-15 
8-16 
8-17 
8-18 
8-19 
8-20 
8-21 
8-22 
8-23 
8-24 


SECTION 6 
BLANK 


SECTION 7 
BLANK 


BLANK 
SECTION 8 
BLANK 


01 01 


8-25 
8-26 
8-27 
8-28 
8-29 
8-30 
8-31 
8-32 
8-33 
8-34 
8-35 
8-36 
8-37 
8-38 
8-39 
8-40 
8-41 


9-1 
9-2 
9-3 
9-4 
9-5 
9-6 
9-7 
9-8 
9-9 
9-10 
9-11 
9-12 
9-13 
9-14 
9-15 
9-16 
9-17 


002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 


BO3P-4580-0403A...01A 


BLANK 
SECTION 9 
BLANK 


BLANK 
001/57 
BLANK 


Trae [re 
035 01 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 
001/11 
002/11 
003/11 
004/11 
005/11 
006/11 
007/11 
008/11 
009/11 
010/11 
011/11 
BLANK 


BLANK 


Preface 


This manual has been prepared for customer engineers directly involved with maintaining the 


M2298 fixed disk unit. 
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section 1 
General Description 


BLANK 


1. GENERAL DESCRIPTION 


1.1 GENERAL DESCRIPTION 


1.1.1 


General Description 
The M2298 Fixed Disk Unit (FDU) is a high performance, random access 
storage device with a storage capacity of 671MB. 


The basic components of these units are Disk Enclosure, spindle drive motor 
and brake, read/write PCB, driver/receiver interface circuitry and function- 
related logic PCB's. The Disk Enclosure (DE) consists of Contact Start/Stop 
(CSS) heads and media, rotary actuator linear motor and filters all contained in 
a sealed cover. The M2298 series has attained performance equal to those of 
large storage units in a small, low price package. 


The M2298 FDU contains a Modified SMD interface, thereby allowing the drives 
to be added to an existing disk configuration allowing substantial savings over 
removable media drives. By standardizing on this interface, development time 
for controllers and software will be substantially reduced. 


The M2298 series may be mounted horizontally or vertically. They are designed 
to be mounted in a standard 19 inch rack or built into a system cabinet. Up to 
eight drives can be daisy-chained together. 


Features 
(1) High Reliability 


a) Winchester type technology contact-start-stop (CSS) heads and 
media are employed. 


b) The rotary actuator features low power consumption, no head 
loading mechanism and no head adjustment. 


c) The heads, media and rotary actuator are sealed in a closed-loop 
air system. 


d) Head positioning is performed by a servo track-following method 
utilizing servo data written on the bottom disk surface. 


e) Within the sealed disk enclosure (DE), the electric parts and 
assemblies are minimized. 


f) |The head IC (HIC) is mounted near each data and servo head. The 
HIC improves the signal-to-noise ratio for increased data integrity. 


(2) High Storage Capacity 
The M2298 has an unformatted 671MB storage capacity which has been 
obtained by five platters, using the highly reliable Winchester technology. 


(3) Maintainability 
The M2298 requires no periodic preventive maintenance. 


(4) Small Size and Light Weight 
The M2298 can be installed in a 19" standard cabinet at 6-pitches. 
The weight of the unit is approximately 45 kg (100 Ibs). 


(5) Vertical Mount Capability 
The FDU may be installed in a vertical direction when installed in a 
system. 


(6) Dual Port option 
Each M2298 model can be connected with two controllers when a dual 
port option is provided. 
This option is available as a separate printed circuit board which is 
mounted on the PCB chassis. 
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1.2 SPECIFICATIONS 
1.2.1 Operational Specification 
Tadie 1.2.1 Operational Specification 


Unformatted Storage Capacity 
Cylinder/Unit 


Track/Cylinder 
Number of Platters 


Unformatted Track Capacity 
Single Track Positioning Time 
Average Positioning Time 


Maximum Positioning Time 
Average Latency Time 11.02 ms 
Track Density 793 TPI 


1.2.2 Physical Specification 
Table 1.2.2 Physical Specification 


671,088,640B 


Characteristics Condition Specification 


Dimension * Height 9.8” (250mm) 
Width 16.4” (416mm) 
Depth 25.6” (650mm) 
Weight (Without options) Approx. 100 Ibs (45Kg) 
Temperature Operating 5°C to 40°C 
(41°F to 104°F) 
Non-operating -40°C to 60°C 
(-40°F to 140° F) 
Gradient Less than 15°C/Hr 
(Less than 27°F/Hr) 


Relative Humidity Operating 20% to 80% 


Non-operating 5% to 95% 
(without condensation) 


Vibration Operating 0.2G max (5 Hz to 50 Hz) 
1.0G max (50 Hz to 500 Hz) 


Non-operating 0.4G (5Hz to 50Hz) 
(1.0G (50Hz to 500Hz) 


Shock Operating Less than 2.0G (10ms) 
Non-operating Less than 10G (10ms) 

Altitude Operating 10,000 feet 
Non-operating 40,000 feet 


*Note: Same dimension with or without dual port feature. 
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1.2.3 Power Source Specifications 
(1) AC Power Requirement 
Table 1.2.3 AC Power Requirement 


A va 


°c +1% 
K model 


+ 15% 
+ 22V 
_25V 2.0A max 

0.3A max 

2.0A max 

SOHZ _5y, 

0.3A max 
Note The M2298K is rated for AC100V/115V input, the M2298N, however, is rated for AC220V/ 
240V (spindle motor) and for AC100V (blower). 


AC220V 


+32V 
-10V 


AC 100V 


AC 100V_ -10V 


(2) DOC Power Requirement 
The M2298 requires the following DC powers as described in Table 1.2.4 
Table 1.2.4 DC Power Source Specifications 


Load Current 


ae Basic Unit with 
asic Unit dual port option 


5.15A max 
0.43A max 
3.28A max 
3.8A max‘ 


SEE 
NOTE 


SEE 
NOTE 


The DC power load currents of +5V, +12 and -12V are stable, the load current 


of + 24V, however, is fluctuated by the seek operation as shown in Figure 1.2.1. 


3.8A max 
0.6A max 
ee 27ms pee a 
(Seek) 


Figure 1.2.1 +24V Load Current (Worst case) 
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1.3 CONFIGURATION 


1.3.1 Basic Configuration 
The basic configuration of this unit is given in Figure 1.3.1 and its block diagram 
is given in Figure 1.3.2. 


Spindle Drive Motor Main PCB Chassis 


Rotary Actuator 
My 


R/W PCB Chassis 


Disk Enclosure 
(DE) 


250 


Note: The dimensions in parenthesis are for the FDU with a front panel and rack mount sliders. 


Figure 1.3.1 Basic Configuration 
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Circuit 
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Figure 1.3.2 Block Diagram Transducer 


1.3.2 Options 


Name 


es 


Power supply 
Power supply 
Operator Panel 


Operator Panel and 
Slide rails 


Operator Panel and 
Slide rails 


Slide rail kit 


Dual Port Unit 


Rubber shock mount 


Cable * 
Cable * * 
Terminator A 


Table 1.3.1 Options List 


Specification 


B14L-5105-0179A 
B14L-5105-0180A 
BO3B-4540-E352A 
BO3B-4540-E353A 


BO3B-4540-E354A 
B030-4540-V450A 


BO3B-4540-E901A 
B30L-1920-0002A 
B660-1065-TOO6A 
B660-1065-TOO8A 
B16B-4870-0010A 


Remarks 


ew eee ee 


Connector type 100V/115V 
Connector type 208V/220V/240V 
19" rack mount type without Slide rails. 


19” rack mount type with short slide 
(Slide rail 24"-drawing length 29") 


19” rack mount type with short slide/without 
Front Panel, Operator Switch and cable 


Kit of Slide rails, Brackets, Nut Bars and 
Screws. 


Printed circuit board and mounting plates. 
Built-in type (vertical) 

Interface cable “A” 

Interface cable “B" 

A cable line terminator 


Notes: ‘*Cable length (L) can be specified from 1m to 30m in 20 inch increments. 
** Cable length (L) can be specified from 1m to 5m in 500mm increments. 


Example: B660-1065-TOO8A#L3R503 (for 3.5m) 
3.50 x 10° mm 
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section 2 
Operation 


BLANK 


2. OPERATION 


2.1 


2.2 


2.3 


GENERAL DESCRIPTION 


The M2298 Fixed Disk Unit can be mounted in a 19 inch rack or built into a system 
cabinet. An operator panel (with slide rails) is available as an option. 

The GBRM Printed-Circuit-Board (PCB Chassis) of the M2298 Fixed Disk Unit is 
equipped with Maintenance Aid LED’s, Device Check Clear switch and File Protect 
switch. 


Powering up/down and the functions of the control panel indicators (LED) and 
switches will be described in this section. The optional operator panel will be 
described as well as the functions of the LED’s and switches. 


POWERING UP/DOWN 


The M2298 Fixed Disk Unit is not equipped with a power ON/OFF switch. Therefore, 
powering up/down of the Fixed Disk Unit is usually performed by a powering up/down 
of the system. 


However, when the disk unit is equipped with an optional power supply, powering 
up/down may be performed by turning the power switch ON and OFF in Local mode 
at the power supply or by sending Pick/Hold signals from the control unit with 
the power supply in Remote mode. 


CONTROL AND INDICATORS 


2.3.1 Operator Panel (option) 


The operator panel (front panel) is optional, however, an example will be given 
and the functions of the LED’s and switches will be described here. 


Figure 2.3.1 Operator Panel 


Power On indicator: Red 

This LED lights up when the power is turned on 

Ready indicator: Red 

This LED indicates the initial seek has been performed or indicates the termination 


BO3P-4580-0403A...01 2-1 


2.3.2 


2-2 


of a Seek or RTZ operation. 
(3) Check indicator: Red 
This LED indicats any fault condition. 
(4) Protect indicator: Red 
This LED indicates that writing is inhibited. 
(5) PTCT switch: White 
This key inhibits the write operation. 
(6) Check Clear switch (check): Gray (flat key) 
This key resets a Device Check status. 


PCB Chassis 


The unit contains a PCB chassis with Maintenance Aid Display (LED’s), a Device Check 
Clear switch and File-protect switch. 


ON 
OM3 “B” Cable OFF 


CKCLR FPT 
OOOQOOO0OO0 —aa 
TG2 TG1 ST5 ST4 ST3 ST2 ST! STO 


Figure 2.3.2 Maintenance Aid Display and Switches 


(1) CKCLR (Check Clear) switch: (momentary) 

(2) FPT (File Protect) switch 
This switch inhibits the write operation. When an optional operator panel ts installed 
on the unit, this switch should be in the OFF position. 

(3) TG 1, 2 (StatusTag 1, 2) LED’s: Red 
Two LED's indicate four basic disk conditions in binary coded decimal, which are 
Not-Ready status. Device-Check status, Unit status and Seek-Check status. 

(4) STO to ST5 (Status 0 to 5) LED’s: Red 


Six status conditions are displayed for each Status Tag 1 and 2 combination as 
shown in Table 2.3.1. 


Table 2.3.1 Maintenance Aid Display Conditions 


Tag Decode 2 Tag Decode 3 
Unit Status Seek Check 
Unit Selected RTZ or Seek Timeout 
Fixed Sector 
Mode Seek Guard Band 
Read/Write Check 1 On Cylinder Linear Mode Guard Band 


Read/Write Check 2 | File Protected RTZ Outer Guard Band 


Busy Over Track Crossing Pulse 


Read/Write Check 3 


Initial Seek 
Timeout 


Access Head 
Selected 


Read/Write Check 4 itiegal Cylinder 


(1) Not Ready Status 
(a) Power Ready 
Indicates that +5V, +12V DC power is up to nominal voltage. 
(b) Channel Ready 
Indicates the Channel Ready signal is true. 
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(2) 


(3) 


(4) 


(c) Speed OK 
Indicates that the rotational speed is up to 2,177 RPM (80%). 
(d) Start 1 
Indicates that the Start Counter has output the GBENB (Guard Band Enable) 
signal 
(e) Start 2 
Indicates that the Start Counter has output the STARTP (Start Pulse) to 
initiate the initial Seek sequence 
(f) Initial Seek Time Out 
Indicates that the Initial Seek sequence was not accomplished within 704 ms 
after the STARTP signal. 
Device Check Status 
(a) Control Check 1 
Indicates that a read/write instruction was issued during Busy Status. 
(b) Control Check 2 
Indicates that Write Gate was issued during a fault condition. 
(c) Read/Write Check 1 
Indicates that Write Gate was issued during an off-track status or VCM- 
overheating has occured. 
(d) Read/Write Check 2 
Indicates that write current to the data head did not flow during a write 
Operation or that write current flows without a write gate command. 
(e) Read/Write Check 3 
Indicates that Write Gate was issued during file-protected status. 
(f) Read/Write Check 4 
Indicates that Read or Write Gate was issued during multi-head-selected 
condition. 
Unit Status 
(a) Unit Selected 
Indicates that the unit is selected. 
(b) Fixed Sector Mode 
Indicates the fixed sector mode is selected. 
(c) On Cylinder 
Indicates On Cylinder status. 
(d) File Protected 
Indicates Write-protected status. 
(e) Busy 
Indicates that the heads are in motion. 
(f) Access head Selected 
Indicates that an access head is selected. (always on) 
seek Check Status 
(a) RITZ Time Out 
Indicates that an RTZ sequence was not terminated within 704 ms. 
(b) Seek Guard Band 
Indicates that a Guard Band was detected during a direct seek operation. 
(c) Linear Mode Guard Band 
Indicates that a guard band was detected during a linear mode operation. 
(d) RITZ Outer Guard Band 
Indicates that an outer guard band was detected during an RTZ operation. 
(e) Over Track Crossing Pulse 
Indicates that the head overshot the new cylinder address during Settling Time 
(1.5ms). 
(f) Illegal Cylinder (always off) 
This status does not exist in M2298. 
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2.3.3. Dual Port Option 


The Dual Port Option has the operational switches and LEDs as shown in Figure 2.3.3. 
lt is operated and observed from the top side. 


VLLLLLL LLL AAA ALLA fl LAA AMA fe 
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CHB CHB 
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CHA CHA 
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Figure 2.3.3 Switches and Indicators of Dual Port Option 


CHASLD LED (green) 

Indicates that this unit is selectd by the channel-A controller. 
CHARSV LED (orange) 

Indicates that this unit is reserved by the channel-A controller. 
CHBSLD LED (green) 

Indicates that this unit is selected by the channel-B controller. 
CHBRSV LED (orange) 

Indicates that this unit is reserved by the channel-B controller. 


(1) 
(2) 


(9) 


DA-NRA switch 
DB (Disable A): 


NRA (Normal A): 


DB-NRB switch 
DB (Disable B): 


NRB (Normal B): 


RLTM-ABSL swtich 
RLTM Side: 


ABSL side: 


Selected to disconnect the unit from the channel-A controller 
and disable it to send and receive all interface signals. 
Selected to connect the unit to the channel-A controller and 
enable it to send and receive interface signals. 


Selected to disconnect the unit from the channel-B controller 
and disable it to send and receive all interface signals. 
Selected to connect the unit to the channel-B controller and 
enable it to send and receive interface signals. 


If this is switched to RLTM (Release Timer) side, the reserved 
condition is released from the unit side. 

If this is switched to ABSL (Absolute) side, the reserved 
condition is released from the controller side. 


2.4 OPTIONAL POWER SUPPLY UNIT 


Two types of optional power supply unit are available with FDU M2298 for USA and 
European versions. Refer to Table 1.3.1. 
The front view of the power supply unit is shown in Figure 2.4.1. 
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(1) 


(2) 


Main line switch 
This switch controls application of site AC power to the power supply unit. Turning 
on the switch applies power to fans, spindie motor and DC power supply. 


Remote/local switch 
This switch controls whether the drive can be powered up from the power supply unit 
(Local mode), or the control unit through the FDU M2298 (Remote mode). In the 
Local mode, the power is appiied to the disk drive when the Main Line Switch is 
turned on. 


BO3P-4580-0403A...01A 


In the Remote mode, AC power to the fan, +5V DC and +12V DC are supplied 
to the unit by turning on the Main Line Switch and then disk drive motor power 
and +24V DC are supplied when Pick/Hold signals from the control unit are 
grounded. 


(3) Alarm lamp 
Alarm lamp indicates the following power malfunction has occurred on the power 


supply unit or the disk unit. 

(a) +5V DC: Over-current, Over-voltage and Non-vollage 
(b) +12V DC: Over-current and Non-volitage 

(c) +24V DC: Fuse-blown 

(d) AC input: Over-current 

(e) Internal Fan: Thermal-switch 

(f) AC output to disk unit fan: Over-current (European version) 
(g) Disk unit fan: Thermal-switch 


PWC Connector 


DC Power 


Main Line Switch Remote/Local Switch 
AC Power 

se ae 

SOO 508 o| JoOo0o0d 

® (I: a wee gogo 


°| Foon 
= ss i “ABRBEEEEES 
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(1) USA Version Power Supply Unit (B14L-5105-0179A) 
__ Main Line Switch PWC Connector 


DC Power 


AC Power \ = Local Switch 


rinput ACT (Lb) 6g a 


eieiciclclelcl 
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(2) European Version Power Supply Unit (B14L-5105-0180A) 
Figure 2.4.1 Optional Power Supply Unit 
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Section 3 
Installation 
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3. 


INSTALLATION 


3.1 


3.2 


GENERAL DESCRIPTION 


Unpacking, installation, and cabling of the unit when shipped separately, and work 
precautions when the unit is shipped as a system will be described in this section. 


UNPACKING 


M2298 units are shipped in a double construction carton. (An exterior view of the 
carton is shown in Figure 3.2.1.) Store and open the carton on a flat surface. 


The outer carton is held in place with plastic securing clips which allow for reuse 
of the shipping container without damage due to tape or other adhesive materials. 
These plastic clips (4 on the top, 4 on the bottom) are removed by squeezing 
the two vertical pieces in the center. While squeezing, pull out from their retainers. 
Remove only the 4 clips in the top portion of the outer carton. Retain these with 
the other parts of the shipping carton for future use. 


After removing the securing clips, remove the top portion of the outer carton. Next 
cut the foil liner (if present) and remove the tape from the inner carton. Fold back 
the flaps of this inner carton and remove the cushion material. Open the plastic 
bag and remove the drive by grasping under the subframe. DO NOT use the spindle 
motor, PCB chassis or disk enclosure for leverage in removing the drive. 


Moreover, move the unit slowly and carefully so that it is not subjected to shock. 


Caution: When the difference in the storage (or shipping) environment and the 
unpacking environment exceeds 20°C (36°F), the carton should be allowed 
to stand at the unpacking site for more than 3 hours prior to unpacking 
to avoid condensation. 
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of 2) 


M2298* Shown with Optional Front Panel and slides 


3.2.1 Construction of carton (Sheet 1 


Figure 
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Figure 3.2.1 Construction of carton (Sheet 2 of 2) 
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3.3. VISUAL INSPECTION 
After unpacking the unit, visually inspect it as follows: 
(a) Check for scratches, rust and soiling. 
(b) Check for loose or missing parts and screws. 


(c) Check that the printed-circuit boards in the PCB Chassis are mounted in the correct 
positions. 


(d) Check that the specified parts, motor lock, spindle lock, and actuator lock are 
securely locked. 


3.4 INSTALLATION 


3.4.1 Mounting 
The M2298 may be mounted in a 19 inch rack or built into a system cabinet. 
The respective mounting methods are illustrated in Figure 3.4.1 and Figure 3.4.2. 


Dimension A Standard Rack: inside 450mm (17.72") 
Outside 482.6mm (19") 
Dimension B_ USA Standard: 762mm (30") 
European Standard: 751mm 


Figure 3.4.1 19° Rack mount installation 
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' , _ Front Mounting Rail 


Drawing Length 29° 


LO’ VE0v0-08Sb-dE08 


( 
i] 
i) 
Rear Mounting Rail 


L: Distance between Front and Rear Mounting rail. 


Front Panel Unit 
BO3B-4540-E353A: 24° to 30" adjustable. 
E354A: 24” to 30° adjustable. 


Figure 3.4.2 19” Rack Mount Draw Out View 


Se 


3.4.2 Vertical Mount Installation - | 
The general installation procedure for a vertically-mounted unit is described below. 
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(1) 


(2) 


(3) 
(4) 


(5) 


Turn the unit over and place it on suitable cushioning material (the cushion- 
ing material on top of the inner carton of the shipping carton is provided for 
this purpose (see Figure 3.2.1) so that the plastic cover of the disk enclosure 
is at the bottom. At this time, hold the unit by the aluminum casting so that 
excessive force is not applied to the motor and gate section or disk enclosure 
section. Be especially careful that shock and horizontal force are not applied 
to the unit when placing it onto the cushioning material with the plastic cover 
of the disk enclosure at the bottom. Refer to Figure 3.4.3. 


At this time, install the mounting fixture to the unit. 
(Tighten all the mounting screws on the unit from the top.) 


Mount the unit in the cabinet. Refer to Figure 3.4.4. 


After mounting, release the spindle lock (see paragraph 3.4.3), actuator lock 
(see paragraph 3.4.4) and motor lock (see paragraph 3.4.5). These locks must 
always be locked when moving the equipment. See paragraph 3.6. (This also 
applies to the 19 inch rack mount installation). 


Adjust spindle belt tension per Section 6.5.3 (c) for vertical mounting. 


Mounting fixture position 
T4MUYt 1 
aw—- M2298 Fixed Disk Unit 
(DE plastic cover) 


Cushioning material 
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Vertical type mounting bracket Rubber Shock-!solator (Note 1) 
650 


fe) 
ro) 
a) 
Ps 
L 
on 
© 
od 
© 
r= 
© 
Ww 
> 
° 
Lock-metal | 
plate | 255 | 
— 8-M4 —________-—_-—____ 230 
(Note 2) 
Note 1: Three Rubber-Shock-Isolators are optional. 
Note 2: The Unit must be locked only when it is to be shipped. (Unit: mm) 
s Figure 3.4.4 An Example of Vertical Mount Installation 


416 


3.4.3 Unlocking Spindle 
The spindle is locked with a spindle lock so that it cannot rotate during shipment. 
The spindle lock is located at the bottom of the spindle, and locks the spindle pulley. 
When installing the unit, the spindle lock must be released by loosening screws A 
(two screws) shown in Figure 3.4.5. 


After unlocking, the spindle ground brush must be adjusted (see paragraph 6.5.5). 


Spindle pulley (rotate only 
in the direction of the arrow) 


Spindle Grounding Plate 


(a) Spindle Locked 


Screw A (two screws) 


Spindie Ground 
Brush 


Label 


(b) Spindle Released 


B030-4420-WO006A 


(c) Label 


Figure 3.4.5 Releasing Spindle Lock 
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3.4.4 Unlocking the Actuator 
If the actuator rotates when the disk is stopped, the heads and disks may be damaged. 


Therefore, the actuator is locked during shipment. 


After installing the unit, the actuator must be unlocked by rotating the stopper. The 
stopper can be unlocked by turning the knob at the bottom rear of the disk enclosure 


through the hole in the sub-frame. 


Rotary Actuator 


C 


r) Ss 
me 
Actuator Lock 


(a) Stopper positions 


Lock position 
y\ NO 
oe = ~ 
= yor NO © 
Knob | 
4355 Unlock : 
position 


(Viewed from rear of disk enclosure) Knob 


(b) Actuator locked (c) Actuator unlocked 


Figure 3.4.6 Actuator Lock 
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3.4.5 Unlocking the Motor 
The motor must be locked during shipment to prevent unhooking the belt by vibration 
of the spindle. The motor is locked by pushing the side cover of the motor pulley 
(cover covering the motor pulley section) against the motor pulley. The motor is unlocked 
by loosening the two screws “A” holding the motor cover to the rear of the unit 


and sliding the pulley cover fully to the Left (unlock) position. Then secure screws 
“A”. (Figure 3.4.7) 


(a) Motor unlocked 


Motor Screws ‘‘A”’ | 


ae 


Loosen screws “A” and slide the motor cover 
Motor cover the entire distance of the oblong holes in the 
cues (AC) 

OFF direction. 


(b) Motor locked 


Screws “A” 


Push the side of the pulley cover against the bottom 
pulley and tighten screws “A” 


Note: Lock-on position is different according to power line frequency. 


Figure 3.4.7 Motor lock and releese 
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3.4.6 50Hz/60Hz Exchange 

Check if the power line frequency is 50Hz or 60Hz, and confirm that the correct 
motor pulley is being used. The correct pulley diameter and belt position (50Hz/ 
60Hz) are given on a label attached to the motor pulley cover (bottom side). The 
large diameter pulley is for 50Hz and the small diameter pulley is for 60Hz (The 
label is illustrated in Figure 3.4.8.) When the power line frequency and the pulley 
mounted in the unit are different, the motor pulley must be changed and the belt 
tension adjusted as will be described in paragraph 6.5.3. 


IL 


Tension Mark 


Horizontal 


50V 60V Vertical 


Figure 3.4.8 Frequency end pulley position (label) 
3.4.7 Dual Port installation 
The Dual Port option consists of the following components: 


Dual port option: BO3B-4540-E901A 


Crosscall B (XCBM) PCB assembly: 
B16B-7990-0020A 


50-pin cable (between KGEM and XCBM): 
B660- 1065-T037A#L05R01 (50 mm) 


10-pin cable (between CN32 on XCBM and CN21 on QBRM): 
B660- 1060-TO89A#L16R01 (160 mm) 


26-pin cable (between CN34 on XCBM and OM3 on GBRM): 
B660-1065-T061A#L07R01 (70 mm) 


Cover: 
B030-4540-X901A 


Mounting plate: 
B030-4540-X903A 
B030-4540-X904A 


Others: Screws and label 


When shipping the Dual Port option, the option is assembled with a PCB assembly, 
a cover and mounting plates. Three cables and four screws (M3 binding screw) are 
supplied as accessories. 
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The mounting procedure of Dual Port option is as follows: 


(1) 
(2) 
(3) 


(4) 


(5) 


(6) 
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Mount the four screws (M3 binding screw) on the PCB chassis. 
Slide the option until the screws fit to the elogation notches on the mounting plates. 


Tighten these screws to fix the option. 
Refer to Figure 3.4.9 for the above-mentioned procedures. 


50-pin cable 

1) Remove the top cover from the PCB chassis. 

2) Insert the 50-pin cable (B660-1065-TO37A#LO5R01: 50mm) in CN30 on KGEM. 
3) Reposition the top cover, and fix it with screws. 

4) Insert the opposite connector in CN31 on XCBM. 


26-pin cable 
1) Insert the 26-pin cable (B660-1065-TO61A#LO7RO1: 70mm) in CN34 on XCBM. 
2) Insert the opposite connector in OM3 on mother board GBRM. 


10-pin cable 
1) Insert the 10-pin cable (B660-1060-TO8SA#L16R01: 160mm) in CN32 on XCBM. 
2) Insert the opposite connector in CN21 on the mother board. 
When doing this, see that the cable passes behind the FPT and CKCLR switches 
on the mother board. 
Refer to Figure 3.4.10 for the above-mentioned cabling procedures. 


(A) 

%~ 

! ie 
Zo 


48 


Fixing screws 


~ 


Figure 3.4.9 Fixing the Dual Port option 
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(CN30) Li 


KGEM 


( PCB Assembly 


Figure 3.4.10 Dual Port Internal Cabling 


CN 30 a 30 KGEM Assembly 


e tJ4@@) ere e —= =~ ae 31 
ye 50P Cable 
(XCBM PCB Assembly) 


| (OM2B) 
| (OM1B) (OM3B) 


ee 


XCBM PCB 
Assembly 


(OM3A) 
26P Cable Rsorceuntaie 


10P Cable 


CN21 Mother Board 


3.5 CABLING 


3.5.1 Power Cable 
The power cable consists of an AC power supply “A” cable and a DC power 
supply “B” cable. The “A” cable supplies power to drive the spindle motor and 
brake, and biower motor, and the “B” cable supplies DC operating power to the 
logic and analog circuits. 


The power cable connections are given in Figure 3.5.1 and Table 3.5.1. 


Power Control 
Cable a 


Power Cable “B” 


Power Cable "A" 


(This figure is referred to when connectors 
are used ) 
Figure 3.5.1 Power Cables 
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Table 3.5.1 Power Cables 


- AC Input A1 White/Orange 
- AC Input A2 White Plug (AMP) 
1-480708-0 
- AC Input B1 White/Orange 
6 - AC Input B2 White 
5 FG Green 
Grey Contact (AMP) 
350550-3 
Yellow 
Red 
Black 


AWG 14 


AWG 14 Plug (AMP) 
1-480710-0 


AWG 18 


AWG 16 


Contact (AMP) 
350550-7 


AWG 18 (1,2, 7, 8P) 


AWG 16 


350551-3 (5, 6P) 


*Note: When AC input is 220V/240V, AC-B input should be nominal AC 100V. 


Table 3.5.2 Power Control Connector (CN1) 


Connector 


Yellow 


Yellow Plug (AMP) 1-480706-0 


Yellow 
Pick In Black 
Hold Black 
Pick Out Black Contact (AMP) 350550-7 
OV Yellow 


OV Yellow 
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The power cable “A” and “B” are furnished with the unit. 
“A” cable is for AC power and ‘‘B” cable is for DC power with the Power Control 
connector. 


Table 3.5.3 Power Cable Liet 


B660-1055-T017A 
B660-1055-T018A 


The cable length shall be specified in 1, 2, 3 and 4m lengths. 
Example: B660-1055-T017A#L3R003 
3.00 x 10°mm = 3.0m 


Description 


“A” Power Cable with connector 


‘“‘B” Power Cable with connector 


3.5.2 Connecting with Optional Power Supply 


3.5.2.1 AC Input Select 
The optional power supply unit for USA version (B14L-5015-0179A) can be 
operated under AC 100V or AC 115V, and the power supply unit for European 
versin (B14L-5105-0180A) can be operated under AC 220V or AC 240V. 
Therefore, before connecting with the power supply, they must be selected 
by the transformer taps inside the unit according to site AC input. 
The selected AC voltage before shipping is labelled on the unit. 
AC voltage select procedure is as follows: 


(1) Remove the cover by loosening screws as shown in Figure 3.5.2 (1). 
After removing of the cover, the terminal is visible as shown in Figure 
3.5.2 (2)/(3). 


(2) AC voltages are indicated nearby the terminal. 
The wire from N.F.B. must be connected to the terminal according to 
site AC input. 


(3) Fix the cover by fastening the screws. 
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Figure 3.5.2 AC Input Select (Sheet 1 of 3) 
(Removal of the cover) 
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In case 100V + 10% AC input 


In case 115V 


Figure 3.5.2 AC input Select (Sheet 2 of 3) 
USA Version 
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+ 15% 
—10% 


AC input 


~s incase 220V AC input 


in case of 240V AC input 


Figure 3.5.2 AC input Select (Sheet 3 of 3) 
European Version 


3.5.2.2 Power Cable Connection 
The FDU M2298 provides three power cables, AC cable, DC cable and Power Control 
cable. AC power connector (12P) is connected to PW1, DC power connector (15P) to 
PW2, and Power Control connector (9P) to CN18 respectively as shown in Figure 3.5.3. 


3.5.2.3 DC Voltage Adjustment 
After connecting the power cables between FDU M2298 and a power supply unit, adjust 
each DC voltage on TRM2 terminal to the proper voltage by specified potentiometers. 
(REF Table 1.2.4) 
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Power Control (9P) 
OC Power (15P) 


AC Power (12P) 


(1) USA Version Power Supprty Unit 


Power Control (9P) 


OC Power (15P) 
ghlibsbatademns 


AC Power (12P) 


Power Control 


Cabie (9P) —_Z 


Power Cabie B™ (15P) 
OC Power 


Power Cable “A” (12P) 
AC Power 


rINPuT Ac-: a 
2 = 


« 


Se ERERB S38 500000 


(2) European Version Power Supply Unit 


Figure 3.5.3 Power Cable Connection 


3.5.3 


Interface Cabling 

Interface cables include cable “A” (60P) for control signals and cable “B” (26P) for 
data signals. 

Cables are connected to the system in the star connection mode or the daisy-chain 
mode as shown in Figures 3.5.4, and 3.5.5. 

For the star connection mode, the line termination for cable “A” is necessary for 
every unit. 

For the daisy-chain mode only the last unit requires a Line Terminator. 

The grounding wire of the Line Terminator must be connected to a signal ground 
TRM1-2. 

In the case of dual-port operation, the interface cables from the channel-A and B 
controllers are also connected to the system in the star connection mode or in the 
daisy-chain mode as shown in Figures 3.5.6 and 3.5.7. 


PCB Chassis 


Grounding Wire of Line- 
terminator 


“A” Cable “B" Cable DOC Power 


Figure 3.5.4 Interface Cabling (Single Port) 
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System 
Ground Control Unit 


OM2 OM! OM3 


Unit 0 i Unit 7 


Star-Cabled Configuration 


OM2 OM! OM3 OM2 OM? OM3 


Daisy-Chain-Cabled Configuration 


Figure 3.5.5 System Interface Cabling (Single Port) 
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5.6 Interface Cabling (Dual Port 


Channel-A controller 


SSG 


© 
ce 
Tz . 


Channe!l-8 controller 


(a) Star Connection 


Note: Hatched areas denote dual port options 


Channel-A controller 
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B2 


B1 
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BOA 


Channel-8 controller 


(b) Daisy Chain 


Figure 3.5.7 System interface Cabling (Dual Port) 
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3.5.4 System Grounding 
(1) The frame ground (FG) and signal ground (SG) within the FDU are separated. 
If the FG and SG connection is required on the system, connect the grounding 
cable as shown in Figure 3.5.8, or if the system ground is required between 
the system and FDU, connect the ground conductor to the GND terminal. 


FG/SG connection (cable is not attached) 


System ground terminal 


Figure 3.5.8 Ground Terminal on the Unit 


(2) The FG and SG terminals are provided with the optional power supply unit as 
shown in Figure 3.5.3. Connecting or disconnecting between FG and SG on the 
power supply unit can be performed according to system power distribution 
and system ground requirement. 
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(3) When the interface cable is longer than 3m (10 feet), an auxiliary grounding 
cable should be connected among the control unit and disk units. 


Unit O Unit 1 Unit N 
TRM1 TRM1 TRM! 
1 2 3 4 5 6 1 2 3 4 5 6 12 3 4 5 6 
OO0OOQO0O?g OOOQO0Q O00OQOO 
Control 
Unit 
" a 
Signal Ground ON ee 


Grounding Cable 


Figure 3.5.9 System Grounding 


3.5.5 Mode Select Setting 
When the FDU M2298 is installed in the system, the customer must set the following 
modes according to system requirements: Disk Logical Unit Number, Tag 4/5 Enable 
and Sector Mode on KGEM PCB assembly and Sector Counting on VOIM PCB 
assembly. 


3.5.5.1 Disk Addressing 
Disk Logical Unit Number 0 to 7 is selectable on SW1 at location J2 on 
the KGEM PCB assembly. Set the desired disk address with three keys on 
SW1 using binary code as shown in Table 3.5.4. 


16 Key 1 
15 Key 2 
14 Key 3 


J2 (KGEM) 
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3.5.5.2 Sector Mode 


3.5.5.3 


3.5.5.4 


The customer can select Hard Sector mode (1 to 128 sectors) using Key 7 on SW2at 
location P3 on the KGEM PCB assembly according to Table 3.5.5. 


In the case of Hard Sector, the customer must set the number of sectors per 
disk revolution as described in 3.5.5.4. 


Table 3.5.5 Sector Mode 


P3 (KGEM) 


Tag 4/5 Enable 

FDU M2298 provides optional Tag 4 and Tag 5 functions, however, the customer 
may disable or enable these functions using Key 8 on SW2 at location P3 on the 
KGEM PCB assembly. Disabling the Tag 4/5 functions inhibits the receivers of Tag 
4 and Tag 5 on the interface. 


Table 3.5.6 Tag 4/5 Enable 


[ene 


Swe 


Key 8 


P3 (KGEM' 


Sector Counting 

Sector count configuration switches, SW1 and SW2, are located at R7 and P7 
respectively on the VOIM PCB assembly. Each key of SW1 and SW2 represents the 
binary powers of 2 Bytes Clock as shown in Table 3.5.7. 
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Table 3.5.7 Sector Counting Keys 


SW1 Key No. SW2 Key No. 


—= ee 6 ee ee ee ee ee ew we a ee ee - meee | 


1 


SW1 and SW2 keys must be set according to the number of bytes per sector. Knowing 
that the number of bytes possible on a track equals 40,960, any sectoring requirement 
from 1 to 128 sectors per track can be configured using the following formula: 
(1) Calculation based on Sectors/Track 
(2) Calculation based on Bytes/Sector 
Example: 584 Bytes/Sector 
1) Calculate the value to be set. 


16,384 - (Byte/Sector) 
(Particular Value) 


16,384 - 584 
= 15,800 


2) Select the keys that must be in the OFF position referring to Table 5-7 after the 
following calculation. 


15,800 = 8,192 + 4,096 + 2,048 + 1,024 + 256 + 128 + 32 + 16 + 8 
Keys must be “OFF”: 8 5 4 3 1 1 7 5S 4 3 
ea 


——i 


SW2 SW1 
3) Calculate the Sectors/Track 


Sectors/Track = Bytes/Track 
Bytes/Sector 


— 40,960 
984 


70,137 


4) If the above calculation results in a remainder, truncate the remainder. The integer 
portion means actual sectors per track. 


Actual Sectors/Track = 70 
5) Calculate the number of the last sector (remainder). 

Last Sector Length = 20,480 - (Bytes/Sector) x (Sectors/Track) 
40,960 - 584 x 70 
80 
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3.6 


3.7 


NO SECTORS 


Table 3.5.8 Commonly Used Sector Configurations 


S200 LAST SECTOR 


ialo 
lol=lo 


o;o!;1o;oloe 


COlolo!lo! = 


SHIPPING 


Perform the following operations when the unit is to be shipped after mounting within 
a system: 


(a) Lock the spindle (refer to 3.4.3) 

Caution: Rotate spindle in the direction indicated only 
(b) Lock the actuator (refer to 3.4.4) 
(c) Lock the motor (refer to 3.4.5) 


(d) Secure the slide locks; in vertical mounting mode, attach the vertical type mounting 
bracket to the cabinet so that excessive force is not applied to the rubber shock 
isolators. Process so that shock exceeding 5G is not applied to the unit during 
shipment. 


When the unit is shipped by itself, the same operations (a to c) are required before 
packing into the proper carton. 
STORAGE AND REPACKING 


The FDU M2298 shipping carton is a reusable cardboard carton having a special double 
construction. When reshipping the unit, repack it in the original carton or a carton 
having equivalent functions. 


When the environment is severe and the unit is to be stored for an extended period of 
time, it should be stored in the packed state. 


Units can be stacked three cartons high. 


When storing unpacked units, avoid dusty locations and locations where the environ- 
mental changes are extreme. 
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section 4 
Theory of Operation 


BLANK 


THEORY OF OPERATION 


4.1 


4.2 


GENERAL DESCRIPTION 


The description of operation of the Fixed Disk Unit is divided into three parts. The 
first part describes the main assemblies of the unit. The second part describes 
the magnetic heads and magnetic disks. The third, and last part describes the 
interface, servo circuit, R/W control, and other electronic controls. 


ASSEMBLIES 


4.2.1 Disk Enclosure (DE) 
The Disk Enclosure is a completely sealed unit containing the disks, spindle, 
actuator, and heads. Each of these are visible from the outside through a 
plastic cover. The DE is sealed at the factory and must not be opened in the 
field. 


The DE is treated as one maintenance part. 
The Read/Write PCB is mounted on the DE, but is an independent part. 


rictary Hemator RW PCB Chassis 


Platters 


Disk Enclosure 
(DE) 
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4.2.2 Spindle Assembly 


Sie TS 


The disk spindle is mounted in the DE housing in the bottom of the disk enclosure. 
The housing is sealed to prevent air from entering through the bearings. A hub is 
attached to the top of the spindle, and disks (recording media) are clamped to the 
hub. A pulley is attached to the bottom of the spindle and is driven by the spindle 
drive motor with a flat belt. The spindle is grounded through a Spindle Brush mounted 
on the Grounding Plate. 


Platters Hud Spindie Plastic Cover 


SSS 


Bearing 


Spindle Pulley (Anti-static Brush) 


4.2.3 Spindle Drive Motor and Brake 


4-2 


As this fixed-disk unit uses contact start/stop heads, the head-disk contact time must 
be minimized during rotation. Therefore, the disk drive system uses a thermally 
protected high torque motor for quick acceleration to nominal rotational speed and 
a brake for quick stopping. 


Should overheating occur, the AC power to the motor is automatically disconnected 
and the rotational speed is gradually decreased. In this case the alarm signal is not 
sent to the power unit. When the temperature drops to an acceptable level, the motor 
will recover to nominal speed. 


A flat belt connects the spindle drive motor to the spindle. 


The motor is mounted so as to pivot, and sufficient tension is supplied to the belt 
by pulling the motor with a spring. 


A brake is mounted at the top of the motor. This brake is actuated when the DC 
+24V is turned off. When the current at the brake coil is turned off, the brake pad 
is pushed to the brake plate by a spring and stops the motor. 
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Drive motor 


Figure 4.2.3 Disk Spindle Motor and Brake 


4.2.4 Actuator Arm Assembly 


4.2.5 


A rotary type actuator with low power consumption and low heat dissipation is used 
to move the data heads and servo head to the specified cylinder along a circular 
arc. 


A moving coil is attached to the other end of the actuator arm and moves freely 
between fixed permanent magnets without contact. When current is applied to the 
coil, interaction occurs between the coil and magnets and the actuator moves around 
the pivot. 


The actuator performs the following types of motion, which are controlled by servo 
feedback current from the servo head: 


(1) Positioning 
Heads are moved to the specified cylinder address. 


(2) Track Following 
Heads follow the specified track to prevent mispositioning from disturbances 
such as shock, vibration, or temperature change. 


The servo head is located on the lower surface of the bottom disk. Servo data is 
written on the outer recording area of this disk. 


This data is used as a control signal for the actuator; that is, it is used as a track 
crossing signal for positioning or as a track following signal. 


The heads are in contact with the disk surfaces during start and stop (C.S.S.) at 
a fixed position called the landing zone. A magnet is used to pull or fix the actuator 
at this position. If no current is applied to the moving coil, the heads are fixed at the 
landing zone. 


Once the disks attain the required rotational speed, an initial seek instruction is issued. 
Current then flows in the coil and the heads are released from the landing zone 
and moved to the recording zones. 


Actuator Lock, Spindle Lock 

When the disks are stopped, the heads are in contact with the disks. The spindle 
and actuator are fixed with both the spindle lock and actuator lock for disk and 
head protection during maintenance, replacement, and transportation of the DE. (See 
Figures 3.4.5 and 3.4.6.) 
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4.2.4 Actustor Arm Assembly 


4.2.6 Air Circulation in DE 
As the C.S.S. head used in this disk unit has a very low flying height (approximately 
0.45um) head crashes could be caused by microscopic foreign particles. To keep 
the inside of the DE clean, this enclosure is completely sealed and clean air is supplied 
through two filters. One filter is used for external air exchange, while another filter is 
used as a re-circulation filter to keep the air inside the DE clean. 


The breather filter is used for the following purposes: 


(a) Prevention of negative pressure in the vicinity of the spindle when the disk begins 
to rotate. 


(b) Prevention of dust intake when the air in the DE contracts due to a termperature 
difference between the DE and its environment. 


The re-circulation filter, attached to the closed loop duct in the DE, is used to keep 
the air free of foreign particles. When a pressure difference is caused in the DE by 
the rotation of the spindle, the air in the DE circulates through the closed loop. 
Because it continually passes through this filter, the air is always kept clean. 


Sess | a 
- Bee 
a 
Breather filter 
(absolute) 


Re-circulation filter 


Air inlet 


Closed loop 
air circulation 


Figure 4.2.5 Air Circulation inside DE 


4.2.7 Sub-frame 
The sub-frame is supported by four vibration isolating rubber supports (three rubber 
supports for the vertical type). The disk enclosure is mounted on this sub-frame 
with three bolts and nuts. The DE can be easily replaced by removing these three 
nuts. 


The DE is insulated from the sub-frame to prevent any influence from noise and 
vibration. 


The sub-frame contains a duct to supply air from the cooling blower to the R/W 
PCB and the control PCB's. 
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Drive motor 


Holes for DE 
mounting 


Sub-frame 


Cooling blower 


Figure 4.2.6 Sub-frame 


4.2.8 Cooling 
A cooling blower provides air to cool the printed circuit boards and motor. Cool 
air is always supplied from the front to the inside by this blower. 


The air is sent through the duct in the sub-frame and divided into two channels. 
One cools the read/write printed-circuit board, and the other cools the printed- 
circuit boards in the chassis, and then the motor. 


: Spindle Motor 
Air exhaust 


SS \ R/W PCB Chassis 


Disk enclosure S— — 


Front panel 
assembly (option) 


Air intake Blower 


Figure 4.2.7 Cooling 
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4.3 MAGNETIC HEADS AND RECORDING MEDIA 


4.3.1 Magnetic Heads 
To accomplish high density recording, CONTACT START/STOP (C.S.S.) flying 
heads are employed. The heads fly on the surface air flow generated by the 
rotating disk The C.S.S. system differs from the conventional ramp load system 
in that the heads are always over the recording media and rest on the disk 
surface when the disk is not rotating. 


Therefore, the head and disk make contact, and the wear caused by this contact 
must be minimized. For this reason, the C.S.S. type head is lightly loaded and 
the surface pressure is reduced by using a tapered flat slider such as that shown 
in Figure 4.3.2. The slider has 3 rails. The air intake end of the slider is tapered 
to obtain flying force by means of the air flow over the disk surface. Reads and 
writes are performed by a ferrite core at the rear of the head, the minimum flying 
height position. 


Read/Write gap 


Slider 


Disk motion a 


Figure 4.3.1 Read/Write Head 
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4.3.2 


4.3.3 
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Air flow 


Air bearing taper 


Air bearing flat 
9 ee Read/Write 
track width 
Read/Write gap 
Ferrite core 
Rail bevel 


Coil 


Suspention attachment notch 


Ferrite slider 
Back gap Glass 


Figure 4.3.2 Tapered Fiat Slider 


Recording Media (Magnetic Disk) 

A magnetic disk is an aluminum disk approximately 356mm (14 inches) in diameter 
and approximately 2mm (75mil) thick coated with a magnetic material and is used 
to record data. Since this unit employs CONTACT START/STOP type heads, to prevent 
wear, the surface is coated with a special material. Five disks are installed for a maximum 
storage Capacity of 671MB. The outer portion, bottom surface of the lowest disk is for 
the servo area on which the positioning data and clock signals are recorded. 


Servo Track Format 


4.3.3.1 Servo track configuration 
The servo area, the bottom surface of the bottom disk, is used to store unique 
data patterns (Servo data). This data is prerecorded on the disk before the 
unit is shipped from the factory and is accessed by the servo head (read 
only). 


These unique data patterns are used to generate the Track Positioning, Index, 
Guard Band and Clock signals. They are analog signals as shown in Figure 
4.3.3. 
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Servo Head Position 


Data Head Position 


TINO -— 
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Figure 4.3.3 Dual-Phase Composite S 
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4.3.3.2 
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The servo area consists of a combination of ODD1, ODD2, EVEN1 and EVENZ2 tracks. 
The physical placement of servo tracks is shown in Figure 4.3.4. The servo tracks 
are divided into the following four parts: 


(1) Inner Guard Band 2 (IGB2) 
Inner Guard Band 2 is used for speed control during RTZ or Initial seek sequence. 


(2) Inner Guard Band 1 (IGB1) 
Inner Guard Band 1 is located between IGB2 and Cylinder 0, and is used for 
speed control during RTZ or Initial Seek sequence. 


(3) Servo Band 
Servo band is used for tracking to determine the center of each cylinder. 


(4) Outer Guard Band (OGB) 
The Outer Guard Band is used to recognize that the head has passed through 
the servo zone in an outward direction. 


Servo Pattern 

The servo signal is a “dual phase composite signal.” It is used to provide angular 
positioning information (location with reference to the Index Mark of the disk) and 
radial positioning information (location with reference to the cylinders/Guard Bands). 


Index and Guard Band patterns are developed through the use of unique “sync 
patterns”. The sync patterns are a combination of normal and missing index bits 
and are written at the factory. Refer to Figure 4.3.5 and section 4.3.3.3. 


Angular positioning information is derived from the sync pattern shown in Figure 
4.3.5 (A). This sync pattern is decoded into the Index Signal which will appear 
once per revolution. 


Radial positioning information is provided by writing ODD1-EVEN2, ODD1-ODD2, 
EVEN1-ODD2, and EVEN1-EVEN2 patterns, in that order, on the servo surface. 


During head movement across the cylinders, the servo circuit detects the amplitude 
changes between ODD1 and EVEN1 peaks (phase 1), and between ODD2 and EVEN2 
peaks (phase 2), and then converts them into two position signals (phase 1. Normal, 
phase 2: Quadrature) through the position sensing. 


After head movement, the servo head, which has double the core width of the data 
head, settles on the border of two types of servo patterns controlled by the two 
least-significant bits of the target cylinder address. The servo circuit then makes 
the ODD1 (or ODD2) peak equal to the EVEN1 (or EVEN2) peak by positioning 
the servo head on the center of the servo track. Refer to Figure 4.3.3. 


The sync patterns for IGB 2, IGB 1 and OGB are shown in Figure 4.3.5 (B-D) and 
described in section 4.3.3.3. 
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Figure 4.3.4 Servo Track Configuration 3 
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Valid index pattern 
(A) 


Inner Guard Band 2 pattern 
(B) 


0 1 0 1 0 


inner Guard Band 1 pattern 


o) 


Outer Guard Band pattern 
(D) 


Figure 4.3.5 Index Pulse Pattern 
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4.3.3.3 Index, IGB2, IGB1 and OGB 
Index, IGB2, IGB1 and OGB are detected by decoding the combination of 
Missing-bits and Normal-bits. Each of the patterns are shown in Table 
4.3.1. 


Table 4.3.1 indexiGB21GB1/0GB Patterns 


Note: 0: Normal Bit 
1: Missing Bit 


4.3.4 Data Surface Format 

The data surface consists of all the disk surfaces except the servo surface and is 

composed of three basic parts. 

(1) Landing Zone (LZ) 
The Landing Zone is the area the heads contact during Stop and Start. The Landing 
Zone corresponds to IGB2 on the servo surface. 

(2) Behind Home (BH) 
Behind Home is the transition area on both sides of the data tracks and corresponds 
to |GB1 or OGB on the servo surface. 

(3) Data Track 
The data track area consists of 1024 cylinders for data recording, with cylinder 
0 being the innermost track and cylinder 1023 being the outermost track. 


4.3.5 Head and Surface Configuration 


@ [eo | ovate [eo [a [en | oxtarmos | ov 
Desc ee ee ee 


Data Head 14 Data Head 15 
Data Head 12 Data Head 13 


Data Head 10 Data Head 11 
Data Head 8 Data Head 9 
iz | ey | patatracks | BH | Lz DATA TRACKS | BH | 
LZ | BH DATA TRACKS | BH “UW | BH DATA TRACKS | BH 
ee ee ee ee 
Data Head 6 Data Head 7 
Data Head 4 Data Head 5 
Lz DATA TRACKS Lz DATA TRACKS 
luz | eH | | eH | wz | BH | BH | 


z [en | oatataaces [en | | en | oATataaces | on 


Oata Head 2 Data Head 3 
Data Head 0 Data Head 1 


[en | oavataaces [on [a [on | OATS | ov 
ee [reer | Senvo rancxs [008 


| Servo Head 
Hub 
Figure 4.3.6 Head and Surface Configuration 
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4.4 FORMAT 


4.4.1. Description 
A “sector” is an area assigned an address on the disk. Each sector consists 
of an Address Area (AA) to confirm that the correct sector has been read and 
a Data Area (DA) on which the actual data is recorded. 


Index and sector pulses are used by the controller to find the beginning of the 
track and sector. Sector format is determined by the controller. Fixed Sector 
format can be used with this unit. 


This recommended Fixed Sector format will be described in this section. 
4.4.2 Fixed Sector Format 


Index/Sector Sector/Index 


r SEES SER irae ean aaine aie Se Seed ee.” MIG eNEal SECtONS. #40 a Rae ate ieee 7% 


Gap 1 Address Gap 2 Sync 
(VFO Sync) me = re ne Pattern Data Area ECC Gap 3 
18B N Bytes 4B 


_—— e 


Flag Status Upper pueer 
Sync and Bi Sector CRC 
1B Logical Unit ee were 1B 2B 


Example: 128 Sectors/Track 


Total Bytes/Track Gap . Check 
Data A = 
se Sector/T rack Gee : Bytes 
- 0.200 _ (49 + GAP3) = 256 Bytes 
In Case of 256 bytes data length, GAP3 is 15 Bytes. 
me _ 256 x 128 Te 
Track Efficiency = 40,960 x 100 = 80% 


Notes: 1) This format is an example only and may be structured to suit individual 
requirements. 

2) The Sync Byte Sent on the 8-Cable will be recommended with a “19” 
(Hex) pattern. 

3) Fixed sectors per track may be any number from 1 through 128 and can 

be selected by setting the configurator switches on the PCB (VOIM). 
Refer to 5.4.4. 
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4.4.3 Description of Format Parameters 
4.4.3.1. Fixed Sector Format 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


Gap 1 
This gap allows for displacement of the head and circuit tolerances under 
worst case conditions. This gap must be a minimum of 18 bytes long. 


VFO Sync 
All “O”’s are written and used to synchronize the data from the disk and the 
read/write clock from the disk VFO circuits. 


Sync Pattern 

This pattern represents the start of the address area. The sync pattern is the 
same as that before the data area, but the address area sync and data area 
sync byte may be different. 


Flag Status and Logical Unit 

This indicates the status of the disk on the sector. Normal record, primary 
record, or secondary record condition may be indicated. This specification 
is a function of the control unit. 


Upper Cylinder, Lower Cylinder 
This indicates the cylinder address of the track. 


Head Address 
This indicates the head address of the track. 


Sector Address 
This indicates the Sector address of the track. 


CRC (Cyclic Redundancy Check) 
This is a check byte used to check whether the data was read correctly. 


Write Splice 
When the address and data areas are written separately, this is the location 
of the read/write head transitions. 


VFO Sync 
All “O”’s are written and used to synchronize the data from the disk and the 
read/write clock from the disk VFO circuits. 


Sync Pattern 
Indicates the beginning of the data area. The recommended pattern is 
"14(Hex)”. Refer to (3). 


Data area 
The data is actually recorded at this area. 


ECC 

ECC byte to insure the data area information has been read correctly. 

Gap 3 . 
This eliminates the possibility of destroying the end of a record written with 
a late displacement head. 

This is the delay allowance for the control unit. It should be written all 
a 6 is Ss. 
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4.5 INTERFACE 
introduction 


4.5.1 


4.5.2 


45.1.1. 


4.5.1.2 


4.5.1.3 


4.5.1.4 


4.5.1.5 


Purpose 
This section describes the logical and physical specifications for signal 
transfer within the interface between a Fixed Disk Unit (FDU) and the 


control unit. 


Application 
The following are SMD interface specifications and apply to the M2298 . 


Connection 

The external connection (for transmitting and/or receiving interface 
signals for the unit) consists of two connectors, ‘A’ and “B”, which 
are connected, respectively, to cables “A” and “B”. “A” cables may 
be connected in a daisy-chain configuration. Therefore, a line terminator 
must be inserted into the ‘A’ connector of the last device. ‘“B” cables 
are connected in a star configuration. Therefore, the control unit requires 
“B” cables and connectors to match the number of units to be connected. 


Time Specification 

Timings are specified at the connector position of the unit. Accordingly, 
it is necessary for signal timings to consider both the delay time of the 
interface cable and the circuits of the disk control unit. 


Interface Transmitter/Receiver 

Transmitters and receivers of SN75110 and SN75107 or equivalent are 
used to provide a terminated, balanced-line transmission system. Refer 
to Section 4.5.7. 


Interface Cabling 


Unit 0 Unit 1 Unit 2 


Star Cable Configuration 
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System 
(sy Ground Control Unit 


A B 8 
os 
Al Alf Al aL Le: Al aL: A 8 


Daisy-Chain Cable Configuration 


Notes (1) Line terminators (LTN) are required on the control unit and each unit in a star cable configuration. 
(2) Line terminators are required on the control unit and last drive in a daisy-chain cable configuration. 


Figure 4.5.1 interface Cabling 


4.5.3 Type and Name of Signal Lines 
4.5.3.1 “A” — Cable Lines for Balanced Transmission 


Control Unit Disk Unit 
(2) Unit Select Tag (H/L) 
Status 0 to 7 (H/L) (16) 
(6) Unit Select 1, 2, 4 (H/L) 
(10) Tag 1 to 5 (H/L) 
(20) Bus 0 to 9 (H/L) 
Busy (HL)° (2) 
(2) Channel Ready (H/L) 
*Dual Port Only 
(2) Pick/Hold 
42 Lines 18 Lines 
Total: 56 Lines 


Figure 4.5.2 “A” Cable Signals 
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4.5.3.2 “B” — Cable Lines for Balanced-line Transmission 


Control Unit Disk Unit 
1F Write Clock (H/L) (2) 
Read Data (H/L) (2) 
(2) Write Data (H/L) 1F Read Clock (H/L) (2) 
index (H/L) (2) 
(2) Write Clock (H/.) Sector (H/L) (2) 
Unit Selected (H/L) She (2) 
Seek End (H/L) (2) 

4 lines 14 lines 

Total: 18 Lines 


Figure 4.5.3 “B” Cable Signeis 


4.5.4 Description of Signal Lines 


4.5.4.1 “A” — Cable Input Signal 

(1) Unit Select Tag 
This signal gates Unit Select 1, 2 and 4 to select the desired disk. 
Refer to timing of Unit Select 1, 2 and 4 (Figure 4.5.6). 

(2) Unit Select 1, 2 and 4 
These three signals are binary-coded to select the desired disk and 
are validated by the leading edge of Unit Select Tag. The logical disk 
number (0 through 7) is selectable by means of a switch located on the 
PCB card. 


(3) Tag 1 to 3 and Bus 0 to 9 
Table 4.5.1 Tag/Bus Lines 


Tag 3 
—_————————_ Unit Select Tag? 
Control Select 


Write Gate _ 


Read Gate 
Servo Offset Plus 


Servo Offset Minus — 


Fault Clear 


Release ' Priority Select' 


Note 1: Dual Port Only. 


2: Validates (or gates) the Unit Select 1, 2, and 4 lines in addition to the dual 
port priority select line. 


4-18 BO3P-4580-0403A...01 


(4) 


(S) 


(6) 


Cylinder Address (Tag 1) 
The cylinder address is set by Tag 1 and bus lines (Bus 0 to 9) on the unit. However, 
throughout Tag 1, the bus lines must be stable. Refer to Figures 4.5.8 to 4.5.10. 


Head Address (Tag 2) 
The head address is set by Tag 2 and Bus 0 to 3 on the unit; however, throughout 
Tag 2, Bus 0 to 3 must be stable. Refer to Figure 4.5.10. 


Control Select 
Bus lines 0 to 9, specified by Tag 3, have a different meaning in each bit. All signals 
are defined as control signals. 


(6)-1 Write Gate (Bus 0) 
This signal enables the write operation on the specified track. This signal is 
validated under the following conditions: 


Unit Ready 

On Cylinder 
Seek Error 
Device Check 


Channel Ready 
File Protect 


If Write Gate is turned on in cases other than the above-mentioned conditions, 
Device Check occurs and writing is inhibited. Refer to the definition of a Device 
Check. 


aw 6.allhUCOS 


Figure 4.5.4 Storage Addressing M2298 
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(7) 


(8) 


(9) 
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(6)-2 Read Gate (Bus 1) _ i 
This signal is used to recover data from the specified track. Refer to the timing 
of Read Gate and Read Data in Figure 4.5.23 and Figure 4.5.24. 


(6)-3 Servo Offset Plus (Bus 2) 
When Servo Offset Plus signal is true, the head is offset 3.0um from nominal 
On Cylinder position, away from the spindle. Refer to Figure 4.5.11. When false, 
a 4ms delay is required before writing. 


(6)-4 Servo Offset Minus (Bus 3) 
When Servo Offset Minus signal is true, the head is offset 3.0um from nominal 
On Cylinder position, towards the spindle. Refer to Figure 4.5.11. When false, 
a 4ms delay is required before writing. 


(6)-5 Device Check Clear (Bus 4) 
This signal clears the device check status; however, if sources of a device check 
still exist (refer to Device Check), this status is not cleared. 

(6)-6 RTZ (Return to Zero) (Bus 6) 
No matter where the data heads are located on the media, they are returned 
to cylinder zero and head zero by the RITZ signal. This signal clears the Seek 
Error flip-flop. Refer to Figure 4.5.13. 


(6)-7 Release (Bus 9) 
The Release command releases Channel Reserve and Unconditionally Reserve 
in the drive, making alternate channel access possible after selection by the 
other channel ceases. 


If the customer desires the Release Timer feature using the Release Time switch 
on the optional Dual Port PCB assembly, release will occur 500ms (nominal) 
after the deselection of the drive. Refer to Figure 4.5.6 and Figure 4.5.7. 


Channel Ready 

This signal is used to prevent damage to the file caused by interface disturbances 
when the control unit power is lost. Therefore, this signal must be stable when the control 
unit is available, and must be disabled before logic levels decay at the interface lines 
when a power failure of the control unit occurs. Refer to Figure 4.5.14. 


Tag 4 and Tag 5 (Selectable) 
When Tag 4 goes true, the unit issues Sector Address Status signals on the Status 
0 to 7 lines. 


When Tag 5 goes true, the unit issues Device Check Status signals on the Status 0 
to 5 lines. 


When both Tag 4 and Tag 5 are true, the Device Type Code will be issued in BCD on the 
Status 0 to 5 lines. See Table 4.5.2 and Figure 4.5.15. 


Pick and Hold 
Power Sequencing requires that the mode switch on the power supply unit be set to 
Remote. 


When the control unit sets the Pick and Hold lines to ground, the first FOU starts up 
the power sequence. Once this FDU has reached nominal speed, the Pick signal is 
transferred to the next FDU, and repeated until all FDU’s are powered up. When the mode 
switch on the power supply is set to Local, each FDU must be powered up manually. 
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(10) Priority Select (Dual Port Only) 


454.2 A— 


(1) 


When the control unit issues Unit Select Tag and Bus Bit 9 with a specified 
disk address, the disk drive will be unconditionally selected and absolutely 
reserved by the channel issuing the command, providing both channels are 
enabled and a priority select condition does not exist on the opposite channel. 
Once the drive is unconditionally reserved by a Priority Select command, the 
respective channel has exclusive access to the drive The opposite channel 
can access it only after Release command has been issued by the selected 
channel. Refer to Figure 4.5.7. When a dual port drive is unconditionally 
reserved, all interface signal are inhibited on the other channel, including 
unit selected and Busy signals. 


Cable Output Signal 

Status 0 to 5 

The status 0 to 5 lines display status information determined by combinations 
of Tag 4 and Tag 5 signals. Information available on status lines 0 to 5 during 
various Status of Tag 4 and 5 is specified in Table 4.5.2. 


Table 45.2 Status Lines Determined by Tag 4/5 


On Cylinder 


Seek Error 
Device Check 


File Protected 


(A) Unit Status 
(1) Unit Ready 
When this signal is true, and the unit is selected, this signal indicates 
the unit is up to speed, and no fault condition exists within the unit. 


(2) On Cylinder 
This line indicates that the heads are located on the specified track 
(cylinder). 


(3) Seek Error 
This signal indicates that a seek error has occurred. In this case, the 
On Cylinder signal does not always go true. The Seek Error is cleared 
only by performing an RTZ (Tag 3 and Bus 6). Seek Error status is 
defined as follows: 
a) Seek was unable to complete a move within 704ms. 
b) RITZ was unable to complete a move within 704ms. 
c) The heads have moved to a position outside the recording area. 
d) An illegal cylinder address was issued to the FDU. 
e) Heads have overshot the new cylinder address. 


(4) Device Check 
This signal indicates that a fault condition exists in the unit. The 
following fault conditions may be detected by the unit. 
a) Control Check 1 
Instructions received during Not Ready status. 
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(B) 


(C) 


(D) 
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b) Control Check 2 
Instructions received during fault condition status. Write Gate received during 
an off-set operation, reading or Seek Error condition. 
c) Read/Write Check 1 
Write Gate received during Off-track status or VCM overcurrent. 
d) Read/Write Check 2 
Write fault or write current detected during a not-write operation. 
e) Read/Write Check 3 
Write Gate received during write protected status. 
f) Read/Write Check 4 
Write or Read Gate received when multiple heads are selected. 


lf an above-mentioned condition has occurred,writing is immediately inhibited-and a 
Device Check signal is issued to the control unit. The device check status is 
Cleared by the following operations: 

Fault Clear on Tag 3 and Bus 4 

Fault Clear on the operator panel (if operator panel is employed) 

Fault Clear Switch on the PCB chassis 
Device Check Status turns on the check lamp on the operator panel as well as 
Maintenance Aid LED's on PCB chassis. 


(5) File Protected 
File Protected signal indicates that the FDU is in write-protected status. The File 
Protect function is enabled by the following switches: 
File Protect Switch on the operator panel (option) 
File Protect Switch on the PCB chassis 
Attempting to write while protected will cause a Device Check (Read/Write Check 
3) to be issued to the control unit. 


Sector Address 1 to 128 (Status Lines 0 to 7) 

Eight-bits of binary-coded Sector Address are transferred from the Sector Counter, 
reset by the trailing edge of index, clocked by the trailing edge of Sector, and indicate 
the current sector address in the unit. Sector Address (Status Lines 0 to 7) will be issued 
to the control unit by activating Tag 4. 

Refer to Figure 4.5.16 for timing of Sector Address (status lines 0 to 7). 

Device Check (Status 0 to 7) 

Refer to item (A) - (4). 


Device Type (Status lines 0 to 7) 

Enabling selectable Tag 4 and Tag 5 lines, causes key-selected Device Type Status 
to be issued to the control unit as Status 0 to 7 signals. Binary-coded Device Type 
signals are specified as shown in Table 4.5.3. 


Table 4.5.3 Device Type Code 


Device Code 
Type (Hexadecimal) 


Notes: 0: False 
1: True 
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4.5.4.3 


4.5.4.4 


(2) 


(3) 


(4) 


Index 

This signal occurs once per revolution and is used for reference in read/write 
operation. 

Refer to Figure 4.5.16 for the timing of Index and Sector. 


Sector 

The Sector Mark is derived from the servo track. The number of sectors per 
revolution is switch selectable and is determined by counting 2 Byte Clock. The 
switches are located on the VFO card within the PCB chassis. Each key of SW1 
and SW2 represents binary powers of 2 Byte Clock. 


Busy (Dual Port Only) 

If the drive is already selected and/or reserved, a Busy signal will be issued 
to the “A” cable and the Unit Selected signal will be issued to the ‘‘B” cable 
of the channel attempting the select function. The Busy signal will remain until 
the Unit Select Tag is negated or the drive is no longer busy. Unit Selected 
signal should be used to enable Busy in the control unit. Refer to Figure 4.5.6. 


B — Cable Input Signal 


(1) 


(2) 


Write Data 
This line carries NRZ data which is to be written on the disk surface and 
must be synchronized with Write Clock. Refer to Figure 4.5.17. 


Write Clock 
Write Clock is a return signal of the 1F Write Clock issued from the unit, and 
must be synchronized with the NRZ Write Data. Refer to Figure 4.5.17. 


B — Cable Output Signal 

(1) 1F Write Clock 
This signal is used by the control unit to synchronize Write Data and Write 
Clock. 1F Write Clock is available during Unit Ready except during read operations. 
Refer to Figure 4.5.17. 

(2) Read Data 
This line transmits the recovered data in the form of NRZ data synchronized 
with 1F Read Clock. Refer to Figure 4.5.18. 

(3) 1F Read Clock 
This line transmits 1F Read Clock which defines the beginning of a bit cell. 
The Read Data is synchronized with the 1F Read Clock. Refer to Figure 4.5.18. 

(4) Unit Selected 
When the three unit select lines compare with the logical address of the unit, 
and when the leading edge of Unit Select Tag is received, the Unit Selected 
Signal goes true and is issued to the control unit. This signal also activates 
all status lines at the A—Cable. 

(5) Seek End 
Seek End signal is a combination of On Cylinder and Seek Error, indicating 
that a Seek, RTZ, or Offset operation has terminated. 
In the Dual Port function, the Seek End signal sent to the unselected channel will 
normally be a constantly true signal level. However, if the drive is selected by 
one channel, and the other channel receives a select, the Seek End signal 
sent to the waiting channel will go false for 30us, when the Select and Reserve 
latches are reset on the selected channel. 

(6) Index, Sector 


The Index and Sector pulses are issued on the interface for reference during 
read/write operations. 
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4.5.5 Control Timing 


4.5.5.1 Unit Selection 
Refer to Figure 4.5.6. 


Unit Select | 


Vaandaia LLL 


if ote 


Release (A)° 1 


Unit Select® 1 | | | | 


Tag (B) 
200 ns 200 ns 
mi 


and 8) LLL —_—_«sKULUK CXL LLL he 
mart | as" 
Busy (B)° 1 i i 
| “arf |b met 


Unit 
Selected (B)° 1 


Note ° 1 — Oual Port only. 


Figure 4.5.5 Unit Select Timing 
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4.5.5.2 Priority Select Timing (sample) 


Channel A 


Channel! 8 


Refer to Figure 4.5.7. 


Unit 
Select Tag 
200 ns 
min. 


_ XO ULL x KE__x_Aueaqcqqzr 


9 LY MLL MLLLLILLLLLLLLL LLL 


WN LLL —§ Ki este LLL KILL 


as LLL = LLL es LN LLL 


UCRSV 


Notes (1) LUN Logical Unit Number (Unit Select 1, 2 and 4) 
(2) UCRSV  Unconditionalty Reserved (Priority Selected) 
(3) Sample Sequence is as foliows, 
CHB Selected —© CHA Priority Select —e CHB Priority Select —— CHA Release —e CHB Select 


Figure 4.5.6 Priority Select Timing 
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or 


4.5.5.3 Direct Seek pry (Tag 1) 


Refer to Figure 4.5.8 


ee 
" | | 


Figure 4.5.7 Direct Seek Timing 


4.5.5.4 Zero Track Seek Timi 


Refer to Figure 4.5.9. 


See weet ||| pmteascupaenuanecicuaeetion: 
ie | 


| 
a0 YR IRL tet, LILLIA 


200 ns min. 200 ns min. 
1 to 5 ps 


On Cylinder ee 


Seek End a a Oe 
40 mn. 
200 ns min. | toe 


10 pfs max. 


Figure 4.5.8 Zero Track Seek Timing 
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455.5 Tag 1 to Tag 2 Timing 
Refer to Figure 4.5.10. 


a boy So ye 


0.4 fs min. 
1 to 5 pls 1 to 5 Ms 


Figure 4.5.9 Tag 1 to Tag 2 Timing 


4.5.5.6 Offset Plus/Minus Timing 
Refer to Figure 4.5.11. 


200 ns min. 200 ns min. 
Bus 2/3 : ie 


— 


4.0 ms nominal 


Figure 4.5.10 Offset Plus/Minus Timing 
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4.5.5.7 Device Check (Fault) Clear Timing 
Refer to Figure 4.5.12. 


200 ns min. 200 ns min. 


Figure 4.5.11 Fault Clear Timing 


45.5.8 RTZ Timing 
Refer to Figure 4.5.13. 


Tag 3 | Pe 


200 ns min. 200 ns min. 
1 to 5 ls 


On Cylinder es ee 
| 
| 


(Seek Error) —— | 


704 ms max. 


Note. On Cylinder is not always set if a Seek Error occurs. 


Figure 4.5.12 RTZ Timing 
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4.5.5.9 Channel Ready Timing 
Refer to Figure 4.5.14. 


Channel 
+5V 


Figure 4.5.13 Channel Ready Timing 


4.5.5.10 Tag 4/5 and Status 0 to 7 (optional) Timing 
Refer to Figure 4.5.15. 


Tag 4/5 a L 


Sector Address Bit Oto 7 (Tag 4) 
Device Check Status (Tag 5) 


or Device Type (Tag 4, Tag 5) 


Device Status Device Status 


Figure 4.5.14 Tag 4/5 Timing 
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4.5.5.11 Index/Sector Timing 
Refer to Figure 4.5.16. 


Tr 
Rk: seodeiiaeeniaceneeisad  Lermiemiaastienennaesbressnubeicorren 


> 
| 
| 


Sector 


Sector 


nn oe ae aa 
300 ns max. 7 7 i 200 ns max. 
4.5.5.12 1F Write Clock, Write Data/Write Clock Timing 
Refer to Figure 4.5.17. 


Figure 4.5.15 Index and Sector Timing 


1F Write Clock 


Write Clock 


Write Data 


Tw = TF/2 

TF = 67.2 ns + 3.4 ns 

Tdb = Continuous delay within 2 bits 
Tda =0 +15 ns 


Notes: (1) Write Data and Write Clock timing shall be specified at the output connector of the control unit 
(2) The permissible value of TF = 67.2 ns + 3.4 1ns is about +5%. which includes the rotational speed tolerance, 
+4% and the servo jitter, + 1%. 
(3) NRZ Write Data issued from the control unit is write-compensated and then 2/7-modulated for writing on the disk 


surfce. 


Figure 4.5.16 Write Data and Write Clock Timing 
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4.5.5.13 Read Clock/Read Data Timing 
Refer to Figure 4.5.18. 


TW 


TF = 672 ns +3.4ns 


ie 7ns+4ns 


Notes: (1) 1 Read Clock and Read Data timing shall be specified at the output connector of the disk unit. 
(2) Read Data signal should be clocked at the positive-going edge of 1F Read Clock on the control unit. 


Figure 4.5.17 1F Read Clock and Read Data Timing 


4.5.6 Read/Write Timing 


4.5.6.1 Format Write 
Refer to Figure 4.5.19. 


lie sees ‘Nheansymaepnrecreetemrewanrenstageteeerees 


Write Gate __ tf L 


ad = 2 Bytes max. 
“| 3 Bytes min. 


Address Area (AA) 


cmt Loe | oe 


Figure 4.5.18 Format Write Timing 
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45.6.2 Data Write 
Refer to Figure 4.5.19. 


Index or | | 
Sector 

ee ee | 
Format 

ee _ 


| Z 1 Byte 
ees max. 
16 Bytes 
min. 2 Bytes 
= aa min. 


ns: 


Write Gate 


L 3 Bytes ; = 7 Z 2 Bytes 
fooes min. max. 
16 Bytes 


min. 
- 14 Bytes max. 


Read Data invalid J vad] Invalid S Valid 
oes 5 A 


Figure 4.5.19 Write Data Timing 


4.5.6.3 Data Read 
Refer to Figure 4.5.20. 


Index or | | | | 


Sector | 


—“ tw 3 Io 
Read Gate 


| 

| 1 

f | || 
ZI 16 orl 


ee | 1 Byte max. 
16 Bytes. mes 
min. 
1 Byte Max. it 1 Byte min. 


Notes: (1) The invalid data in the above figure is inhibited in the unit: therefore, it may be disregarded in the control unit. 
(2) The timing for switching to 1F Read Clock should be performed after the invalid data. In this case, a phase 
adjustment is required for 1 or 2 bits. 


Read Data 


Figure 4.5.20 Read Data Timing 
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4.5.6.4 


Tag 3 


Bus Bit O 
(Write) 


Bus Bit 1 
(Read) 


45.6.5 


Write Gate 


4.5.6.6 


Write-To-Read Recovery Time 
Refer to Figure 4.5.24. When head selection has been stabilized, the recovery time 
before Read Gate can be enabled after Write Gate goes false is 10 us minimum. 


ey ee 


ee en 
a 


Figure 4.5.21 Write-To-Read Recovery Time 


Head Select Transient 

Refer to Figure 4.5.25. There is a 5 us delay within the disk drive due to circuit 
characteristics between the deselection of one head and the selection of another 
head. 


iciibicamsemery _‘patacepaeeatinannpetmansesenccinepesonenss 
nnn inewauael = = #8 | 


— 


Figure 4.5.22 Head Select Transient 


1F Write Clock in Reading 

In the read operation, the 1F Write Clock signal fluctuates slightly within the Lock- 
To-Data or Lock-To-PLO signal (internal signal of Variable Frequency Oscillator 
circuit), as shown in Figure 4.5.26. 


| 
| i | | 


(LOATA) 


(LPLO) 


1FWCLK 


T1: 56 bits; 
T2/T4: 48 bits (6 bytes): 
T3: 2 to 8B bits. 


48 + 3 clocks 


Figure 4.5.23 1F Write Clock in Reading 
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4.5.6.7. Head Address change at the last gap 
This timing is specified for the customer who performs a head address 
change on the same cylinder in the last gap (Gap 3) of the sector. 


Data Area CRC or ECC Gap 3 Gap 1 


| | 
0.2fMs min. 7 | _ a 0.2 {ds min. 


Figure 4.5.24 Head Address Change at the Last Gap 


4.5.7 Interface Transmission 


4.5.7.1 Driver and Receiver 
Transmitters and receivers of SN75110 and SN75107 or equivalent are used 
to provide a terminated, balanced-line transmission. The Driver is SN75110 
or equivalent, and the Receiver is SN75107/SN75108 or equivalent. 


(1) Driver 
Refer to Figure 4.5.28 and Table 4.5.4. 


@ 

- 2. 

= {> 

A 

- {| He 
@ 


Figure 4.5.25 Drive Logic Diagram (SN75110) 
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Table 4.5.4 SN75110 Function Table 


Logic Inputs 


px | x 
L 
H 


Note: H-High Level, L-Low Level, X-Irrevelant. 


(2) Receiver 
Refer to Figure 4.5.29 and Table 4.5.5. 


Figure 4.5.26 Receiver Logic Diagram (SN75107/75108) 


Table 4.5.5 SN75107/75108 Function Table 


Strobes 
Differential Inputs —_—_——— 


Note. H-High Level; L-Low Level; X-Irrevelant 
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4.5.7.2 
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“A” Cable (Control Cable) Transmission 
Refer to Figure 4.5.30. 


SN75110N 
R1 R2 


SN75107/108N 


Last Unit 


R3 


Driver input _ 
4 b 10 ns to 35 ns (at 10% - 90%) 
Ov 


Driver Output 


Notes: (1) Line terminators are located on the unit and the controller Al to A4: 56 92 + 5%, 1/10W. 


(2) Aline terminator is located on the terminator assembly of the last unit in the daisy chain configuration. 


(3) The maximum cable length is 30 meters. 


Figure 4.5.27 Balanced Transmission of ‘A’ Cable 
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4.5.7.3 “B” Cable (Data Cable) Transmission 
Refer to Figure 4.5.31. 


SN75107/75108 


SN75110 RI 
15 m max. 


Driver input 
ra i 10 ns to 35 ns (at 10% — 90%) 
; Ov 
Oriver 
—0.98 V 
Output 
Receiver Output 


(a) Balanced Transmission of ‘‘B’ cable 


Notes. (1) Cable shall be flat with characteristic impedance of 100 + 10 ohms. 
(2) Line terminators are located on the receivers at the drive or contro! unit. R1 and R2 are 82 ohms + 5%, 1/10W. 
(3) The protect resistors (470 ohms) should be located on the receiver side. 470 $2 + 5%, 1/10W. 
(4) A bias network should be used to prevent disturbance conditions by power failure at the contro! unit end of Unit Selected 
and Seek End signals as in (b). 


SN75107/75108 


+§5V 
(b) Bias Network to Prevent Power Failure Disturb 


Figure 4.5.28 Balanced Transmission ’’B’’ Cable 
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4.5.7.4 Channel Ready Driver 
The Channel Ready signal must be issued so that data is protected during 
a power failure of the control unit. Relay logic and passive terminations some- 
times aid this requirement. If SN75110A drivers are used to drive the Channel 
Ready signal from the control unit, dual drivers should be connected in parallel, 
and no 56 ohm termination to ground should be used at the control unit. 


4.5.8 Connector and Cable 


4.5.8.1 Connector 
(1) A— Cable connector 60 pos. 


Ansley Fujitsu 
Unit Side: 609-6052MR  FCN-702P060-AU/M (Wire wrapping) 


FCN-704P060-AU/M (Straight) 
— FCN-705P060-AU/M (Right Angle) 
Cable Side: 609-6001M  FCN-707J060-AU/B 


(2) B— Cable Connector 26 pos. 
Ansley Fujitsu 
Unit Side: 609-2652MR FCN-702P026-AU/M (Wire wrapping) 


FCN-704P026-AU/M (Straight) 
FCN-705P026-AU/M (Right Angle) 


Cable Side: 609-2601M  FCN-707J026-AU/B 
4.5.8.2 Cable 
(1) A— Cable 


SS-455-248-60 SPECTRA STRIP 

ZO =100N2 +1092 , 28 AWG, 7 strands 
(2) B— Cable 

174-26 Ansley, 3476-26 3M 

ZP=1002 +1592 , 28 AWG, 7 strands 


4-38 BO3P-4580-0403A...01 


4.5.9 Connector Pin Assignment 
4.5.9.1 A — Cable Connector 60 Pin 


aah: alk 
“AO OMaOnN moO & WD — 


lk a mead sae eee Secs: Ce 
OoOanN om oN & W NA 


Nh 
© 


QW MM MY NM NM NM NP NAN NM 
OOON ON AWN — 


Table 4.5.6 A — Cable Pin Assignment 


Tag it 

Tag 2L 

Tag 3L 

Bus OL 

Bus 1L 

Bus 2L 

Bus 3L 

Bus 4L 

Bus 5L 

Bus 6L 

Bus 7L 

Bus 8L 

Bus 9L 

Channel 1 Ready L 
Status 3L (DEVICE CK L) 
Status 2 L (SEEK ERR L) 
Status 1 L (ON CYL L) 
Status 6L (INDEX L) 
Status O L(UNIT RDY L) 
Status 5 L 

Busy L 

Unit Select Tag L 

Unit Select 1 L 

Unit Select 2 L 

Status 7L (SECTOR L) 
Unit Select 4L 

Tag 5 L (Selectable) 
Status 4 L (WR PTCT L) 
(Pick) 

Tag 4 L (Selectable) 


(NORMAL SMD STATUS) 


4.5.9.2 B— Cable Connector 26 Pin 


uty 
OO ON OO AWN — 


a — ot 
Qh — 


Tag 1H 

Tag 2H 

Tag 3H 

Bus 0H 

Bus 1H 

Bus 2H 

Bus 3 H 

Bus 4H 

Bus 5H 

Bus 6 H 

Bus 7H 

Bus 8H 

Bus 9H 

Channel Ready H 

Status 3 H (DEVICE CK H) 
Status 2 H (SEEK ERR H) 
Status 1H (ON CYL H) 
Status 6H (INDEX H) 
Status 0 H (UNIT RDY H) 
Status 5 H 

Busy H 

Unit Select Tag H 

Unit Select 1H 

Unit Select 2 H 

Status 7H (SECTOR H) 
Unit Select 4H 

Tag 5 H (Selectable) 
Status 4 H (WR PTCT H) 
(Hold) 

Tag 4 H (Selectable) 


Table 4.5.7 B — Cable Pin Assignment 


GND 
1F Write Clock L 
Read Data L 
GND 
1F Read Clock L 
Write Clock L 
GND 


Write Data L 

Unit Selected H 

Seek End L 
GND 

Index L 

Sector L 
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1F Write Clock H 
GND 

Read Data H 

1F Read Clock H 
GND 

Write Clock H 

Write Data H 
GND 

Unit Selected L 

Seek End H 

Index H 
GND 

Sector H 


4-39 


4.66 ELECTRIC CIRCUIT FUNCTION 


4.6.1 


Start/Stop Function 

When power, AC input, DC +5V,DC + 12V and DC + 24V, is applied to the FDU 
from the external power supply unit, the cooling blower is activated. In the case 
of Remote mode, the AC input to the spindle drive motor and DC + 24V is con- 
trolled by Pick and Hold signals from the control unit. DC + 24V is supplied to 
the brake coil of the spindle drive motor assembly and releases the spindle drive 
motor shaft lock. 


When current flows through the brake coil and is detected by the Brake Current 
Detection circuit, its output activates the relay circuit. Then AC input is supplied 
to the spindle drive motor through the relay contacts. 


The spindle drive motor provides rotating motion to the spindle of the Disk En- 
closure through a flat belt. When the disk rotates, a tab on the spindle assembly 
is detected by the speed transducer, which generates pulses that are used to de- 
termine the rotational speed. The output pulse, Speed Signal (SPSG) is applied 
to Speed Detection circuit. When the rotational speed comes up to 80% of op- 
erating speed, Speed OK (SPOK) signal is issued and triggers the start time cir- 
cuit, and also is sent to the external power supply unit through the power control 
connector PWC1. 


Through this step of power-up sequencing, the actuator is held in the Landing 
Zone (IGB2) by a stopper magnet. When the Speed OK signal goes true, current 
flows through the coil of the Voice Coil Motor (VCM) on the actuator and the 
heads are kept in the Landing Zone electrically. 


Five seconds after SPOK goes true, Guard Band Enable is activated. Ten seconds 
after SPOK, Start Pulse (STARTP) goes true. The Guard Band Enable signal 
allows detection of Guard Band signals, and Start Pulse activates the Initial Seek 
operation. 


The stop sequence is initiated when input power is shut-off. The FDU does not 
require DC power sequencing, therefore, the stop sequence is initiated in various 
ways. 

If DC +24V drops below +10V, the VCM Driver circuit is turned off and the 
actuator returns to the Landing Zone driven by the Retract Capacitor discharge. 
If there is a further reduction of DC +24V, the spindle motor brake ts activated 
and the drive motor stops. If DC +5VorDC + 12V goes false, the same sequence 
Occurs. 


Also, if DC +5V or DC + 12V goes false, Power Ready (PWRDY) goes false. 


lf PWRDY signal is disabled, the actuator returns to the Landing Zone and Unit 
Ready (URDY) signal goes false. 


With the loss of AC input, the rotational speed will decrease slowiy and then 
Speed OK signal will go false to retract the heads to the Landing Zone. 


The Start/Stop block diagram is shown in Figure 4.6.1, timing chart in Figure 
4.6.2, start sequence flow chart in Figure 4.6.3, and stop sequence flow chart 
in Figure 4.6.4 
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LO’ VE0r0-08Sb-de08 
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SPOK 


GBENB 
SPEED SPSG 
TRANSDUCER STARTP 
(GA1) 
STOPP 
MTON 
MOTOR ASSY 
AC INPUT 
AC INPUT 
4 
SWITCH 
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| 
BRAKE CURRENT RELAY 
DETECTION ORIVER 
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| | 
DC +24V L Sek esiee 
RETURN 
DC +5V 
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NOTE: Alpha Numerics in( ) denote schematic pages in Section 10 DC -12V 


Figure 4.6.1 Start/Stop Block Diagram Lo. ROWM sd 
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Figure 4.6.2 Stert/Stop Timing Chart 


Power Off 


pace BS ge cee ee 
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+12V 
-—12V 
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Register supplied? 
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Figure 4.6.3 Start Sequence Flow Chart (Sheet 1 of 2) 
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From Sheet 1 


we KA 


Timed-Out? 


. sec 


To Initial Seek Sequence 


Figure 4.6.3 Start Sequence Flow Chart (Sheet 2 of 2) 


Start 


+5V, +12V 
Fault 
Yes 
Power Ready? 

Shut Off 

VCM Driver 
Discharge Retract 

Capacitor 


AC Input +5V, +12V +24V 
Fault Fault Fault 


= 
No 
Release 
Relay (RL) 
Set Brake 
Cut AC Input 


Figure 4.6.4 Stop Sequence Flow Chart 
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4.6.2 


Unit Selection 
The FDU must be selected before it will respond to any commands from the control 
unit. Tag and Bus receivers are not enabled until the unit is selected. 


This describes the dual port functions related to selection. They are as follows: 


Unit address select 

Reserve 

Release 

Priority select (unconditional reserve) 

Disable with a maintenance switch 

The functional block diagram of dual port is shown in Figure 4.6.5. 


4.6.2.1 Unit Address Select and Reserve 


A unit is selected or reserved in an identical sequence which is initiated by 
Unit Select Tag (USLTG) and a unit address signal (Unit select 1, 2, 4: USL 
1, 2, 4). However, this sequence cannot start when: 


¢ The unit is selected and reserved by the opposite channel. 

¢ The unit is not selected, but reserved by the opposite channel. 

¢ The channel which has attempted to select the unit is disabled by the 
maintenance switch on the unit or because the unit is placed in the Priority 
Select state by the opposite channel. 


The select/reserve sequence is as follows: 

Suppose that the unit is ready to be selected that is, none of the above three 
condition exist. A controller sends USLTG and USL 1, 2, 4 to the unit. If the 
unit address from the channel-A controller agrees with the logical unit number 
(LUN), the unit sends Unit Selected to the channel-A controller through cable 
B when Channel-A Compare (CHACMP) is sent to the XCBM printed circuit 
board. This sequence is the same as with the single-port configuration. 


Unless the unit is selected or reserved by channel-B and, as a result, is Busy, 
CHACMP causes the Channel A Selected signal (CHASLD) to be sent in syn- 
chronization with Clock 1 (CLK1) from the oscillator. CHASLD turns on the 
Channel-A Enable (CHAENB) signal to make the driver/receiver for Channel-A 
ready for transmission/reception, drive the LED to indicate CHASLD, switch 
the WDAT/WCLK multiplexer to Channel-A, set Busy to indicate that the unit 
is selected or reserved by the Channel-A controller, and trigger the Set 
Reserve (STRSV) one-shot multivibrator to set the reserve latch. 


If channels-A and B attempt to select a unit at the same time, CLK1 and CLK2 
(clocks with the same frequency and different phases) determine which 
channel is to access the unit. As a result, Busy is set. 


The STRSV one-shot multivibrator output sets the Channel A Reserved 
(CHARSV) latch about 300 ns after CHASLD. This CHARSV signal turns on 
the LED on the XCBM printed circuit board, sets BUSY A, and sets Seek End 
B (SKENDB) to “1” before its transmission to Channel-B. SKEND to Channel-B 
is kept 1” as long as the unit is reserved by Channel-A. 


The unit is kept selected/reserved by Channel-A until Channel-A is disabled 
by the maintenance switch or until USLTG becomes false. When Channel-B 
attempts to select the unit, the unit sends BUSY A as a busy signal to Channel- 
B, and sends also Unit Selected B (USLDB) to indicate that it is selected/ 
reserved by Channel-A. 
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Even when USLTG from Channel-A goes false after the select/reserve sequence, the unit 
remains reserved by Channel-A. This reserved state is not reset until a Release command 
comes from Channel-A, Channel-A is disabled by the maintenance switch, Channel-B performs 
Priority Select, or the power is turned on/off. 


If the opposite channel control unit attempts to select the drive while it is selected or reserved 
by the other channel control unit (i.e. in Busy state), Tried Latch in the dual port is set. 
Thus, at the time when the drive becomes neither selected nor reserved, Seek End goes false 
for 30us so that the opposite channel, having waited, can interrupt. 


If the unit is in the Disabled state (due to Priority Select from the opposite channel or by the 
Disable switch) and the opposite channel attempts to select the unit, no signal response is 
activated. 


The block diagram of the select/reserve circuit is shown in Figure 4.6.6, and the related 
flowchart and timing chart are shown in Figures 4.6.7 and 4.6.8, respectively. 
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Figure 4.6.7 Select/Reserve Flow Chart (Sheet 1 of 3) 
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Figure 4.6.7 Select/Reserve Flowchart (Sheet 2 of 3) 
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Figure 4.6.8 Select/Reserve Timing Chart 


4.6.3 


4.6.2.2 Release 


The release command resets the reserved and priority select (unconditional 
reserve) states. Release is executed by the two functions described below. 
One is a release command from a control unit (Tag 3 Bus bit 9) and the other 
is the Release Timer of the dual port option. 


(1) Release command (Tag 3, Bus bit 9) 
Reserve and Priority Select (unconditional reserve) are reset by the lead- 
ing edge of Tag 3 and Bus Bit 9 sent from the control unit. Thus, it is 
possible to be accessed from the contro! unit of the opposite channel. 


(2) Release Timer 

If the switch on the dual port is set to the RLTM position. The Release 
function is enabled by the unit itself. If the unit Select Tag signal goes 
false when the switch is being set at the RLTM position, the Release 
Timer one-shot of 500 ms is triggered. The Reserve Latch is reset by 
the trailing edge of the Release Pulse. 

If the switch is set to the ABSL (Absolute Reserve) side, the one-shot 
is disabled. 


4.6.2.3 Priority Select (Unconditional Reserve) 


Even if a unit is selected or reserved (except unconditional reserve) by a 
channel, the opposite channel can switch the unit to this channel by issuing 
a Priority Select (Unit Select Tag, unit address and Bus Bit 9) command. 

The command sets the Unconditionally Reserved (UCRSV) latch to inhibit all 
signals, Select/Reserve is given to the channel and, at the same time, the 
channel which was previously connected is disconnected. Once it is set in 
an unconditional reserve state, all signals are disabled with respect to the 
opposite channel. 

The Unconditionally Reserved is released only by the release command given 
by the channel exclusively connected. 


4.6.2.4 Disable Switch 


During maintenance, the interface functions related to channels A and B can 
be inhibited by using the maintenance switch on the XCBM printed circuit 
board. This disable function can be done for the two channels separately. 


Seek Control Function 
Basically, the FDU has five types of seek modes: Initial Seek, Return To Zero (RTZ), 
Direct Seek by Tag 1, Head Retract and Linear mode. 


(1) 


(2) 


(3) 


(4) 


(S) 


Initial Seek Mode 
The Initial Seek mode causes the head to position onto cylinder zero from the 
Landing Zone. 


Return To Zero Mode 

The Return To Zero (RTZ) mode causes the heads to move to cylinder zero, 
regardiess of where they are when the command is received. Basically Return 
To Zero mode is equivalent to the Initial Seek mode; therefore, they are referred 
to as the Go To Zero (GTZ) mode. 


Direct Seek by Tag 1 
Direct Seek mode causes a seek to the cylinder address specified by the Tag 
1 and Bus 0 to 9 signals from the control unit. 


Head Retract Mode 
Head Retract Mode causes the heads to return to the Landing Zone if a power 
failure or abnormal positioning operation occurs. 


Linear Mode 

Linear Mode causes the heads to track (follow) the center of the specified 
cylinder after a seek operation has been completed. An offset operation is included 
with this mode. 

The Seek Control Block Diagram is shown in Figure 4.6.9. 
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Figure 4.6.9 Seek Contro! Block Diagram 


4.6.3.1 


initial Seek Mode 

As mentioned in the Start/Stop Function section, the speed OK (SPOK) signal goes 
true when the rotational speed is up to 80%. The leading edge of the SPOK signal 
sets the Retract Mode (RTRM), and Drive Linear Motor (DRLM) signals to keep the 
heads on the landing zone (IGB2). Five seconds after SPOK, the Guard Band Enable 
(GBENB) signal goes true to enable decoding of Index and all guard band signals. 
Ten seconds after SPOK, the Start Pulse (STARTP) goes true; the Retract and Velocity 
Equals Zero (V =0) latches are reset; and the Initial Seek Mode (INSKM), Go To Zero 
(GTZ), Under Sequence (UNSQ), DRLM, and Forward Drive (FWDD) latches are all set. 


At the start of the Initial Seek, the heads move toward the outside of the disk (forward) 
at high speed by enabling FWDD and disabling Low Speed (LSPD). 


When the heads have passed through the IGB2 zone and enter the IGB1 zone, 
the heads are driven toward the outside of the disk at low speed by enabling the 
FWDD and LSPD signals. 


When the heads have passed through IGB1 zone, the Position Drive (PSDR) goes 
true, which changes the target velocity to the Position signal. When the velocity 
reaches the capture range, V=0 signal goes true, and then it resets the DRLM 
latch and sets the Linear Mode (LNMD) latch. When the LNMD signal goes true 
it keeps the heads precisely on the center of Cylinder 0, that is, the first ODD1- 
EVEN1 and ODD2-EVEN2 servo track. 


The first Index signal under the linear mode triggers the Settling 1 one-shot 
(STL1: 1.5ms). The trailing edge of the STL1 signal sets the Seek End (SKEND), 
On Cylinder (ONCYL) and Unit Ready (URDY) latches, and also resets the INSKM, 
GTZM and UNSQ latches. 


If the initial seek has not been performed within 640ms after STARTP, the Device 
Check goes true under the not ready status. The Device Check Clear signal, under 
the not ready status, which is commanded from the control unit or the Check Clear 
key, will cause a retry of the Initial Seek sequence. 


The Return To Zero (RTZ) command under the Retract Mode during Ready status 
initiates the Initial Seek sequence. 


The flow chart at Go To Zero is shown in Figure 4.6.10, and the timing chart for 
Initial Seek is shown in Figure 4.6.11. 
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Figure 4.6.10 Go To Zero Flow Chart (Sheet 1 of 3) 
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Figure 4.6.10 Go To Zero Flow Chart (Sheet 2 of 3) 
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Figure 4.6.10 Go To Zero Flow Chart (Sheet 3 of 3) 
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Figure 4.6.11 Initiel Seek Timing Chart 


4.6.3.2 Return to Zero Mode 


4-60 


The Return To Zero Mode is initiated by the Return To Zero (RTZ) command from 
the control unit during Ready status and linear mode. 


The RTZ command sets the GTZM and DRLM latches and resets the V = 0, LNMD, 
NCAR 1/2, and Seek End (SKEND) latches. 


At the start of GTZM, the heads move toward the center of the disk (reverse) at 
high speed by disabling the FWDD and LSPD signals. 


When the heads have passed through the Servo Zone and enter the IGB1 zone, 
the heads are driven toward the center of the disk at low speed. 


When the heads enter the |GB2 zone, they are driven toward the perimeter (forward) 
at high speed. When the heads enter the IGB1 zone again, they are driven forward 
at low speed. 


The subsequent sequence is equivalent to the Initial Seek Mode. 
The RTZ timing chart is shown in Figure 4.6.12. 
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Figure 4.6.12 Return to Zero Timing Chart 


4.6.3.3 Direct Seek Mode 
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Direct Seek mode is initiated by activating the Tag 1 signal. 


The leading edge of Tag 1 sets the bus bits 0 to 9 into the Next Cylinder Address 
Register (NCAR) when the bus contains an address of less than 1023. 


When the NCAR output is not equal to the Present Cylinder Address Register 
(PCAR) output at the trailing edge of the Tag 1 signal (Fall Tag 1: FTAG1), a Direct 
Seek is initiated. 


The FTGA1 signal resets the ONCYL, SKEND, LNMD, and V = O latches, and also sets 
the SEKM, ORLM, UNSQ, and direction latches. 


NCAR1 and 2 signals are applied to the Servo Control circuit to determine the 
phase of the target cylinder. 


The difference between NCAR and PCAR is equal to the number of cylinders to 
be moved to the desired address. The difference counter output, binary-coded D1 
to D128 and D > 160, is sent to the servo control circuit to generate the target 
velocity. 


When the NCAR ts greater than PCAR, the forward direction is set, and when the 
NCAR is Jess than the PCAR, the reverse direction is set using the FWDD signal. 


When the heads start to move to the desired address, the Track Crossing Pulse 
(TXPL) is sent from the servo circuit to the PCAR counter every time the servo 
head crosses a cylinder. The PCAR counter is increased by the trailing edge of 
the TXPL signal in the forward direction, and is decreased in the reverse direction. 


When the difference is equal to zero, the Position Drive (PSOR) signal is activated 
and the velocity follows the position signal. When the V =0 signal goes true, LNMD 
latch is set, and DRLM and PSDR latches are reset. The successive ONTRK signal 
triggers the Settling 1 (STL1) one-shot (1.5 ms). The trailing edge of STL1 signal 
sets the ONCYL and SKEND latches and reset the SEKM and UNSOQ latches. 


If NCAR is equal to PCAR at the leading edge of Tag 1, a No Motion Seek (NOSEK) 
signal is activated and triggers Settling 2 (STL2: 5 us) one-shot. The ONCYL and 
SKEND signals are reset by the trailing edge of the TAG1 signal and then ONCYL 
and SKEND signals go true at the trailing edge of STL2 signal. 


The Direct Seek flow chart is shown in Figure 4.6.13 and the timing chart is shown 
in Figure 4.6.14. 
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Figure 4.6.13 Direct Seek Flow Chart (Sheet 1 of 3) 
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Figure 4.6.13 Direct Seek Flow Chart (Sheet 2 of 3) 
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Figure 4.6.13 Direct Seek Flow Chart (Sheet 3 of 3) 


BO3P-4580-0403A...01 


99°p 


LO’ VEeOv0-08Sb-dE0d 


TAG 1 ee ee a eee ee 
| 


0=0 Sana rene eee ees ee ae 
SEKM. enc a 
[ 


{ 
| 
| 


FWOOD CBD BOS BO BBS BBE BODO PDS CODD ODO @ 


POSN 


—FNPOS 


Yi 


Figure 4.6.14 Direct Seek Timing Chart 


4.6.3.4 Retract Mode 
If a seek malfunction shown in Table 4.6.1 occurs in the drive, Retract Mode 
(RTRM) is set, all servo modes (INSKM, SEKM, and LNMD) are reset and the 
heads move to the Landing Zone by discharging the retract capacitor through 
the VCM coil. 


Table 4.6.1 Seek Malfunctions 


UNIT STATUS 


Initial Seek Time Out Not Ready 
Rotational Speed Low Not Ready 
DC voltage fault Not Ready 


Time Out in Any Seek Mode Seek Error 
Over-shoot in Linear Mode Seek Error 
Any Guard Band in Seek Mode Seek Error 
OGB in Go To Zero Mode Seek Error 
Any Guard Band in Linear Mode Seek Error 


4.6.4 Servo Circuit Function 


4.6.4.1. Position Sensing 
This section describes the Position Sensing functions from the output of the 
servo head to the generating the position signal. The Position Sensing block 
diagram is shown in Figure 4.6.15. 


The servo data written on the servo surface is read by the servo head, amplified 
through the Head-Preamplifier (with a nominal gain of 35), and applied to 
the Automatic Gain Control (AGC) amplifier on SDRM PCB. The AGC amplifier 
keeps the output constant with an AGC voltage from the Summing Amplifier, 
even if the AGC input varies. The AGC output is applied to a Low Pass 
Filter (LPF), which attenuates the unused high frequencies, and then is 
amplified by the Carrier Amplifier. The Carrier Amplifier issues the Servo 
(SERVO) signal of a four-byte interval to the Level Slice and Peak Hold 
circuits. 
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Figure 4.6.15 Position Sensing Block Diagram (Sheet 1 of 2) 
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Figure 4.6.15 Position Sensing Block Diagram (Sheet 2 of 2) 
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The SERVO signal is converted into the Servo Slice Output (SVSLT) signal at a TTL level. The 
SVSLT signal triggers a 100 ns pulse at its trailing edge and the trailing edge of this 100 ns pulse 
triggers the 450-ns-long Servo Pulse Window (SVPWD) one-shot. The SVPWD signal separates 
only the Sync Pulse, that is, it separates the Servo Pulse (SVPLS) signal from the SVSLT signal. 
The SVPLS Signal is applied to the Phase Locked Oscillator (PLO). 


The leading edge of the SVPLS Signal triggers PLOSS one-shot (2.10 us) and sets the PLO 
Latch circuit. The PLO Latch is reset by the leading edge of the Count 7 (CT7) signal, which 
is the output signal of the Timing Counter, and issues the PLO Latch (PLOLT) signal to the 
Phase Comparator circuit and the Index Guard Bands sense circuit. 


The PLOSS and PLOLT signals are applied to the Phase Comparator circuit of PLO. The Phase 
Comparator issues and Increase (INC) signal when phase-lag has occurred on the VCO output, 
or a Decrease (DEC) signal when phase-lead has occurred on the VCO output. The INC and DEC 
signals are applied to the Charge Pump circuit which converts the phase difference into a 
DC-level signal. The Charge Pump circuit issues a control voltage to the Voltage Controlled 
Oscillator (VCO) through the Low Pass Filter (LPF). Thus, the PLO circuit synchronizes with the 
SVPLS signal and generates a one-bit cell clock, that is, the PLO1F signal. The PLO1F signal is 
applied to the VFO circuit and the Timing Counter circuit. 


The Timing Counter circuit divides the PLO'%F signal by two into “4F signal. The “%F signal 
generates the Gate 1, 2, 3, and 4 (GT1 to GT4) signals Count 15 (CT15), which reset the divide 
counter and the CT7 signal, which resets the PLOLT signal. 


The Peak Hold circuit holds the position of the peak signals (Odd 1, Even 1, Odd 2 and Even 2) 
enabling the GT1 to GT4 timing signals. The Peak-hold outputs (Odd 1 peak, Even 1 peak, Odd 2 
peak, and Even 2 peak) are applied to the Summing Amplifier and two Differential Amplifier 
circuits. 


The Differential Amplifiers issue the Position Normal (POSN) signal from Odd 1 peak and Even 1 
peak signals, and the Position Quadrature (POSQ) signal from Odd 2 peak and Even 2 peak 
signals. The Summing Amplifier issues the AGC Control Voltage (AGC) signal for the AGC 
amplifier. The timing chart for PLO and Peak Hold is shown in Figure 4.6.16. The conversion 
waveform for Servo signal to dual-phase position signal is shown in Figure 4.6.17, which is 
valid when the servo head is moving. 
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Figure 4.6.16 PLO and Peak Hold Timing Chart (SDRM) 
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Figure 4.6.17 Servo Signal to Position Signal Conversion (SDRM) 


4.6.4.2 Servo Control 
The block diagram of the Servo Control circuit after Position Sensing is shown in 
Figure 4.6.18. 


(1) Block Description 
(a) Position Signal Slice 
The dual-phase position signals, POSN and POSQ, which are demodulated 
through Position Sensing circuitry, are applied to a level slice circuit. The 
Position Signal Slice circuit then issues N > QandN + Q >D O signals 
which are applied to Position Decoder. It also issues an Off-track (OF TRK) 
signal which indicates that the servo head positions off from the center 
of each cylinder. 
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Position Decoder 

The Position Decoder circuit issues the two least-significant bits of the current cylinder 
address, Present Address 2 and 1 (PAR2 and PAR1), which decode theN >? QandN + 
Q > 0 signals. The Position Decoder circuit also issues Select N Non-invert (SNN), 
Select Q Non-invert (SQN), Select N Invert (SNI), and Select Q Invert (SQI) signals, 
which control the Velocity Generator circuit and Fine Position Detector circuit. 


Track Crossing Pulse Generator 

The Track Crossing Pulse Generator circuit issues a 15-us-wide Track Crossing Pulse 
(TXPLS), which is generated by PAR2, PAR1, and OFTRK signals, and which is applied 
to the Present Cylinder Address Register (PCAR). The PCAR counts up the TXPLS signal 
when Forward Drive (FWDD) signal is true, and counts down when FWDD signal is false. 


The timing chart for items (1) through (3) is shown in Figure 4.6.19. 
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Position Signal Differentiator 7 . 

The Position Signal Differentiator circuit differentiates the dual-phase position signals, 
POSN and POSQ, to generate the actual velocity from the linear portion of the position 
signal. 

Velocity Generator 

The SQI, SNI, SNN, and SQN signals, which are issued from the Position Decoder 
circuit, pull out the linear portion of the position signals; the composed signal and 
Current Sense (CSNS) signal are then converted into the Velocity (VEL) signal. 

Absolute Velocity Generator 

The Absolute Velocity Generator converts the velocity signal, with polarity, into the 
Absolute Velocity (ABSVL) signal. 

V=0 Detector 

When the Equal signal on the Clamp Gate circuit goes true, and the velocity is within 
1 cm/second, the Velocity Equal to Zero (V=0) signal is issued to the Seek Control 
circuit and then the Seek mode is changed to Linear mode by terminating Seek operation. 


The timing chart of the Velocity Generator is shown in Figure 4.6.20. 
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Fine Position Detector 

The Fine Position Detector circuit pulls out the linear position, that is, the Fine Position 
(FNPOS) signal from the POSN and POSQ signals is controlled by SQI, SNI, SNN. 
and SQN signals. The FNPOS signal is applied to the Smoother, On Track Detector, 
and Clamp Position Detector circuits. 


Smoother Generator 

The Smoother Generator circuit polarizes the FNPOS (the polarity of signal which is 
in accord with the head movement direction) and issues the Smoother (SMTH) signal 
The SMTH signal makes the DA signal smooth through the Function Generator circuit 
(see item (I), below). When the difference between NCAR and PCAR, however. is greater 
than 160 during Direct Seek mode, or GTZ mode is activated then the SMTH signal 
is deactivated. 


On Track Detector 

The On Track Detector senses the servo head position on the center of each cylinder 
within +5 ym and issues an On Track (ONTRK) signal to seek control and fault detect 
logics. 


The timing chart of Fine Position Detect is shown in Figure 4.6.21. 
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DA Converter 

The DA Converter DAC circuit generates the target velocity during Direct Seek or GTZ 
operations. When the Direct Seek operation is performed, the Difference Counter bits 
Di to D128 are applied to the DAC at the beginning of the seek operation. Whenever 
the servo head has passed through each cylinder, the TXPLS signal is issued and it 
decreases the Difference Counter. When the Difference Counter output is equal to or 
greater than 160, the D1 to D128 signal is clamped to 160 and the DAC output is 
clamped to —5.6 V. 


When the GTZ operation is performed, GTZ and LSPD signals set a target velocity through 
the DAC. 


When the Offset operation is performed, OFACT and OFRVS signals set the offset voltage 
to a value equivalent to +3 um from the center of cylinder. The DAC output, —DA signal, 
is applied to the Function Generator and Clamp Position circuits. 


Function Generator 

When the Difference Counter output is less than 160, the Function Generator circuit 
converts the DAC output into a smooth waveform by adding the SMTH signal. The 
Function Generator issues a Function (FUNC) signal which is the optimum deceleration 
curve for position time and the deceleration current profile. 


When the servo conirol is changed to deceleration from acceleration, the Function 
Generator adds the integrated ACCL signal to the FUNC signal to avoid an excessive 
force to the actuator. 


Velocity Error Detector 

The Velocity Error Detector circuit issues the Velocity Error (VER) signal, which is 
applied to the Power Amplifier which compares target velocity (FUNC) signal and 
actual velocity (VEL) signal. At the termination of Seek operation, the Clamped Position 
(CLPOS) signal is applied to the Velocity Error Detector instead of the FUNC signal, 
which activates the PSDR signal. 


Accelerate Detector 

The Accelerate Detector output, that is, the Accelerate (ACCL) signal, is set by the 
leading edge of the DRLM signal and reset when the ABSVL signal is equal to the 
FUNC signal. The ACCL signal is applied to the Function Generator circuit. 


The timing chart of the Target Velocity Generator, for a Direct Seek operation, is shown 
in Figure 4.6.22, and the timing chart for a GTZ operation is shown in Figure 4.6.23. 
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(p) Clamp Gate 
The Clamp Gate circuit issues Minus Clamp Position (MCLMP), Plus Clamp Position 


(PCLMP) and Equal (EQUAL) signals through the adder circuit, which compares the 
two least-significant bits (NCAR2 and 1) of the target cylinder (NCAR2 and NCAR1) 
with PAR2 and PAR1 signals from the Position Decoder circuit. 

(q) Clamp Position Detector 
The Clamp Position Detector holds the position signal at specified levels when the servo 
head is positioned within three cylinders of the target cylinder address specified by 
the two least-significant bits of NCAR and PAR. This extends the area controlled by 
the servo circuit. 
The PCLMP signal sets the Clamped Position Signal (CLPOS) to +2 V, the MCLMP 
is set to —2 V, and the EQUAL signal enables the FNPOS signal on the CLPOS signal. 
The CLPOS signal is applied to the Velocity Error Detector circuit when the PSDR signal 
goes true at the termination of Seek operation, and is then applied to Low Pass Filter 
(LPF) when the servo head settles on the specified cylinder. 


The timing chart of Clamp Position is shown in Figure 4.6.24. 
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(r) Low Pass Filter (LPF) 
The servo circuits form a feed-back loop during track following after a Seek 
operation using the position signal recovered from the servo head. 


The LPF circuit attenuates unused high frequencies. The LPF has a resonance 
frequency at 1.9 KHz. 


(s) Position Error Detector 
The Position Error Detector pulls out the phase-compensated Position Error (PER) 
signal required for the feed-back loop during track following. 


The PER signal is composed of a —FVEL (phase-compensating) signal, and an 
integrated position signal; improves stiffness and following characteristics of lower 
frequencies. 


(t) Power Drive Multiplexer 
The Power Drive Multiplexer circuit passes through either the VER signal, by activating 
DRLM signal during Direct seek or GTZ operation, or the PER signal, by activating the 
LNMD signal during track following sequence. 


(u) Power Amplifier Driver 
The Power Amplifier Driver circuit drives the last stage of the power amplifier. This 
circuit controls the base current to the power transistors by comparing the input 
signal with the feed-back signal from the last-stage transistor current. 


(v) Power Amplifier 
The Power Amplifier circuit is a current amplifier which drives the coil of the Voice 
Coil Motor (VCM). The circuit is composed of four H-type transistors. 


(w) Current Sense 
The Current Sense circuit detects the VCM coil current through the voltage bleeder 
resistors. The coil current is amplified by the differential mode, and then the 
Current Sense (CSNS) signal is issued. 


(x) VCM Heat Detect 
The VCM Heat Detect circuit senses an abnormal current flowing through the VCM. 


Direct Seek Servo Control 

During a Direct Seek with servo control, the servo head is driven high speed, so 
that the actual velocity pulled out from the position signal through the servo head is 
equal to the target velocity controlled by the Difference Counter. Whenever the servo 
head passes through a cylinder, the target velocity is decreased for optimum speed 
control. The Direct Seek signal flow is shown in Figure 4.6.25. 


GTZ Servo Control 

Wherever the head is positioned, GTZ Servo Control returns the head to Cylinder 0. 
The target velocity is given by the specified velocity, that is, high speed is 8 cm/second 
and low speed is 3 cm/second. 


The GTZ signal flow is shown in Figure 4.6.26. 


Linear Mode Servo Control 

When the servo head is positioned within capture distance of the specified cylinder, 
the Servo Control mode is changed to Linear mode. During Linear mode (track following), 
the feed-back loop is formed to minimize the Position Error Signal. 


When an Offset operation is performed, the offset voltage is applied to the Position 
Error signal through the DAC. The servo head is the offset by +3 um. 


The Linear mode signal flow is shown in Figure 4.6.27. 
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Figure 4.6.26 Linear Mode Signal Flow (Sheet 2 of 2) 


4.6.4.3 Retract Servo Control 
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The Retract servo control block diagram is shown in Figure 4.6.28. 


The Retract operation is initiated if Retract (RTR) signal goes true, a power failure 
occurs, or if Emergency Retract (EMRT) signal goes true. 


The Retract signal controls the head movement so that the velocity sensed from the 
voltage output of the VCM is equal to the reference velocity. 


In the case of a DC power failure, the normally used power amplifier is deactivated 
and the retract capacitor discharges through the VCM coil. 


If excessive current flows through the VCM coil, the VCM Heat (VCMHT) signal turns 
on. 


When the VCMHT signal is turned on, the seek control logic issues the Emergency 
Retract (EMRT) signal, which breaks a relay contact supplying DC+24V to the power 
amplifier. After breaking the relay contact, the retract capacitor discharges through 
the VCM coil. 


Under above-mentioned conditions, the heads always return to the landing zone and 
are held there by the stopper magnet. 
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index/Sector/Guard Band Generate Function 


4.6.5.1 


Index Detect 

As described in the Position Sensing discussion, the servo signal contains 
missing Sync Bits. The Servo Pulse (SVPLS) is applied to the Phase-Locked- 
Oscillator (PLO1) which outputs a 2 Bit Cell Clock (PLO‘%F). 


The PLO1 latch (PLOLT) which is set by the leading edge of Servo Pulse 
and reset by the leading edge at Count 7 (CT7), is applied to a shift register 
and clocked by the positive going edge of the CT7 signal. 


The shift register outputs are decoded into decimal, and then Index, two 
Inner Guard Band (IGB1, 2) patterns and Outer Guard Band (OGB) are 
detected by the combination of the decoder outputs. The index detect block 
diagram is shown in Figure 4.6.29 and the timing chart is shown in Figure 
4.6.30 and Figure 4.6.31. 
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4.6.5.2 Sector Generator 
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The sector pattern is not written on the servo surface. The sector pulse is derived 
fromthe Presettable Byte Counter by counting 2 Bytes clock, which is generated by 
the PLO circuit synchronized with Servo Pulse. One revolution has 40,960 Bytes 
clocks, and sector length is determined by keys on the VOIM PCB. 


The Index signal (4 Bytes) from the PLO circuit enables the Preset Input to the Byte 
Counter. The value loaded into the Byte Counter is determined by the value of the 
VOIM PCB keys not turned on. For exampole, a 256 byte sector length is specified 
by turning on SW1 keys 1 to 7 and SW2 key 1. The binary value of the keys 
not turned on (SW2 keys 2 to 7) equals 65,280. The Index signal causes the Byte 
counter to be preset to 65,280. The counter is then clocked by the positive going 
edge of *1/16 clock until it reaches 65,535 (510 byte clocks). The next *1/16F signal 
would then cause a Carry signal which is used as the Sector Pulse and a new preset 
enable to the Byte Counter. The process is repeated until the Index signal goes true. 
Refer to Figure 4.6.32 and 4.6.33. 
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Head Selection 
A head must be selected before a read or write operation can be performed. The 


head address is set by the positive-going edge of the Tag 2 signal with Bus bit 0 
to 3 at the Head Address Register (HAR). The HAR outputs, HAR1, 2, 4 and 8 signals, 
are applied to the ROWM PCB. The signals HAR4 and 8 are decoded into chip select 
0 to 3 (CSO to CS3 = ECL level) and then applied to head ICs in the disk enclosure. 
Lower bits HAR1 and 2 are converted into head select 1 and 2 (HS1 and HS2 = 
ECL level). 


The multiple-chip select or head-short condition is detected by an overload current 
of Vcc supply. The block diagram of head selection is shown in Figure 4.6.34. 
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4.6.7 Read/Write Function 
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—————_ Disk Rotation 


4.6.7.1 Read/Write Basic Principles 


When the disk is rotating at 2,722 RPM, Read/Write is performed by means 
of the R/W heads. The basic principles of the read/write function will be 
described in the following paragraphs. 


(a) Data Write 
During a Write instruction, a 0 or 1 is recorded by reversing the direction 
of the current flowing in the data head coil. When the direction of the 
current flowing in the head coil is reversed, the magnetic poles of the 
head are reversed and the direction of magnetic flux at the gap is reversed. 
The direction of magnetization of the surface of the disk is then reversed. 
Each flux reversal means that a “1” or “O” has been recorded on the disk. 
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Figure 4.6.34 Data Write 


(b) Data Read 
During a Read instruction, the transitions recorded on the surface of the 
disk are detected by the head gap. When magnetized in the same 
direction continuously, no output is produced. However, when a recorded 
bit (180 degree flux reversal in the horizontal direction) passes under 
the head gap, the magnetic flux flowing in the ring and coil is reversed 
and an output pulse is obtained. 
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Figure 4.6.35 Data Read 


(c) The M2298 uses the 2-7 recording method. Since data is transferred between the 
controller and the disk drive unit by NRZ transmission, the NRZ data is converted 
to 2-7 data by an encoder in the drive, then recorded on the magnetic disk. 
In read operation, the recorded data in 2-7 code is read and converted to NRZ data 


by a decoder, then transferred to the controller. 


The 2-7 code is a code of 4 to 8 bits in length converted from NRZ data of 2 to 8 
bits in length according to the specified rule shown in Table 4.5.2. The 2-7 code 


contains continuous Os from 2 to 7 between two 1s. 


In the 2-7 code, the minimum code bit period is more than 1.5T (T indicates the 


data bit period) for any input data combination. 


EERE 
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DATA 


Figure 4.6.36 2-7 coding 
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Table 4.6.2 Translation Between NRZ and 2-7 Codes 


NRZ Code words 2-7 Code words 


4.6.7.2 Write Operation 
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The write circuit block diagram is shown in Figure 4.5.37. The servo data written 
on the disk are read by the servo head, and the PLO circuit generates 2 bit cell 
PLO“F signal. The PLO“%F signal is applied to the VFO (variable frequency oscil- 
lator). 


The VFO is synchronized with the PLO‘%F signal and generates four times the 
frequency of the PLO“F; VFO2F signal. VFO2F signal is applied to the ENCODER 
circuit; VFO1F is also sent to the control unit as the Read Write Clock signal. The 
control unit must use this Read Write Clock signal in the case of Write Clock (WCLK) 
and Write Data (WDAT) generation. 


When a write command is issued from the control unit after head selection, the 
WDAT and WCLK signals are sent to the disk drive, and the WDAT signal is clocked 
by the positive-going edge of WCLK signal. 

The clocked WDAT signal is applied to Encoder circuit, WDAT of NRZ code is con- 
verted into Encode Write Data (ENCWD) of 2-7 code, (refer to Table 4.5.2), and 
circuit is converted into Write Data Pulse (WDP). 


When the Write Gate signal goes true, the WDP signal is toggled by a flip-flop and 
passes through the Read/Write Bus Switch IC. It is then applied to the Head IC 
(HIC) chips as Data X (DX) and Data Y (DY) signals. The write current is supplied 
to the selected HIC chip through a Write Current (WC) line. 


The block diagram of write operation is shown in Figure 4.5.37. 
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Figure 4.6.37 Write Operation Block Diagram 


4.6.7.3 Write Compensation 
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When the bit density (BPI) is high on a disk surface, and a read operation is per- 
formed, a peak shift phenomenon appears, which tends to widen the narrow part of 
the bit spacing because of mutual magnetic interference of the bits. When such a 
phenomenon appears, reading of the data will deviate from the correct bit spacing, 
causing errors. The write compensation circuit measures this peak shift beforehand 
so the data is written by shifting the peak in the opposite direction of the peak shift 
appearing during the read operation. 


The NRZ write data (WDAT) sent from the control unit is clocked by the positive- 
going edge of the WCLK signal. It is then synchronized with the internal one-bit 
cell clock (CLKA) which is issued from the sync decision window circuit, comparing 
the phase difference between *WCLK and VFO2F by enabling the Write Enable 
(WENB) signal. 

The NRZ data synchronized with the internal clock is applied to 2-7 encoder circuit. 
The output of the 2-7 encoder circuit is applied to six-bit shift register. Each output 
of the six-bit shift register is applied to a write compensation circuit and then con- 
verted into 2-7 data pulse train with write compensation according to the truth table 
(as shown in Table 4.5.3). The preshift timing of write compensation is defined by 
Early (EY), on-Time (OT) and Late (LT) signals. 

The block diagram and timing chart are given in Figure 4.5.38 and Figure 4.5.39. 
Table 4.6.3 Write Compensation Truth Table 


REGISTER STATUS WRITE COMP S27 


Note: EY: Early Pulse 
OT: On-Time Pulse 


LT: Late Pulse 
DT: Data Pulse 


BO3P-4580-0403A...01 


LO’ VE0r0-08St-dE08 


601-7 


*"WCLK 


WENB 


WDAT 


VFO 
(VCO) 


SYNC 
DECISION CLKA 


2-7 
ENCODER 


Figure 4.6.38 2-7 Coding, AM Write and Write Compensation Block Diagram 
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Figure 4.6.39 Write Compensation Timing Chart 
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4.6.7.4 Read Operation 
A Read operation is initiated by enabling Tag 3 and Bus 1 (Read Gate: RG); however, 
the read analog circuit is enabled by disabling Write Enable (WENB). 


The DX, DY HIC outputs are applied to the Read/Write Bus Switch circuit, amplified, 
and sent to the Low Pass Filter (LPF) (refer to Figure 4.6.42). 
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Figure 4.6.40 Read/Write Bus Switch 


The output of the Read/Write Bus Switch is applied to a LPF circuit to attenuate the unuseful 
high frequency noise, and sent to the Automatic Gain Control (AGC) circuit. 


The AGC circuit develops the control voltage to the AGC amplifier and holds the AGC output 
amplitude (300 mVp-p) at a constant level. The output of the AGC amplifier is amplified 
by ten amplifications (3.0Vp-p), and then sent to the Pulse Shaper circuit. 


After going false at WENB, the read circuit is activted; however, a read-transient which is 
caused by the DC unbalance of the read pre-amplifier will occur. WENB signal squelches 
this read transient (refer to Figure 4.6.43). 
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Figure 4.6.41 AGC Squelch Function 


The analog to digital convertor circuit, which is called a Pulse Shaper, has two fundamental 
circuits. One is a Differentiator circuit which differentiates the AGC output signal and then 
converts the peaks (flux transitions) into zero-crossing signals. The other is an Integrator 
circuit which AC-slices the AGC output signal (floating slice) and then generates the data 
window for the 217 read data pulse. The block diagram is shown in Figure 4.6.45 and the 
detail timing chart is shown in Figure 4.6.46 and 4.6.47. 


The output of the analog to digital convertor which is Raw Read Data (RRD 1/2), is sent 
to the VFO circuit. 
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Figure 4.6.42 Read Operation Block Diagram 
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Figure 4.6.43 Read Data Analog to Digital Timing 


4-114 BO3P-4580-0403A...01 


46.8 VFO 


4.6.8.1 VFO 
The Variable Frequency Oscillator (VFO) output is synchronized with PLO“F 
signal from the servo information during non-read operation, and with the Raw Data 
(RAWDT) signal from the data track during a read operation. The block diagram of 
the VFO circuits is shown in Figure 4.5.44. 
The VFO are composed of the following circuit. 
(1) VFO Input Multiplexer 
(2) Time-Margin Measurement (TMG) One-Short 
(3) Reference One-Shot 
(4) Phase compare Latch 
(5) Phase Comparator and Charge Pump 
(6) Low Pass Filter and Buffer 
(7) Voltage Controlled Oscillator (VCO) 
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(1) VFO Input Multiplexer 
The VFO input multiplexer controls the VFO input. During an initial seek ope- 
ration or a RTZ operation, this circuit inhibits an input of data into the VFO 
circuit by enabling the Filter Squelch (FLTSQ) signal. This causes the VCO to 
oscillate at a free-running frequency. After an initial seek operation or a RTZ 
operation, the VFO Input multiplexer controls the transmission of the PLO’”AF 
or RAWDT signals into the VFO circuit. 


During a non-read operation, the PLO‘%F signal is applied to the VFO circuits by 
the enabling of the Servo Mode (SVMD) signal. During a read operation, the 
RAWDT signal is applied to the VFO circuits by disabling the SVMD signal. The 
VFO input multiplexer output, Data Input 1 (DTIN1), is applied to the TMG 
One-shot circuit. 

(2) TMG One-shot 
The TMG One-shot circuit issues a Data Input 2 (DTIN2) signal to the Phase 
Comparator, and Reference One Shot circuit. It also issues Delayed Data 
(DLDT) signal to the Data Window circuit. The timing relation between DTIN2 
and DLDT signals adjusted by potentiometer RV3 determines the read margen. 
(Refer to Figure 4.5.46) 

(3) Reference One-shot 
The leading edge of the DTIN2 signal triggers the Reference One-shot, which 
issues a 17 ns Reference Pulse (REFP) signal to the Phase Comparator Charge 
Pump circuit. 

(4) Phase-Compare Latch 
The leading edge of the DTIN2 aignal sets the Phase-Compare Latch and the 
negative-going edge of —2F Clock (—2F CLK) resets it. The Phase-Compare 
Latch issues a Phase-Compare Latch Output (PCLO) signal to the Phase Compa- 
rator Charge Pump circuit. 

(5) Phase Comparator and Charge Pump 
The Phase Comparator Charge Pump circuit issues a Decreas frequency (DEC) 
signal when the VFO input phase is lagging, and an Increase frequency (INC) 
signal when the VFO input phase is leading, comparing the phases between 
DTIN2 signal and PCLO signal. 


The INC or DEC signal drives the constant-current circuit to charge or discharge 
the filter circuit (LPF and Buffer). 

LPF and Buffer 

The charge pump output is applied to a Low Pass Filter (LPF) and converted 
into DC voltage to control the VCO. During an initial seek operation or RTZ 
operation, the FLTSQ signal clamps the charge pump output to OV to 
recalibrate the VFO function. 


During an initial data read operation, a VFO Fast-Sync (VFOFS) signal is issued 
to the VFO circuit which increases the loop gain of the VFO circuit to widen the 
pull-in range, and to shorten the pull-in time for synchronization to the RAWDT 
signal. At termination of the data read operation, the same function ts activated 
for synchronization with the PLO‘AF signal. 


The LPF and Buffer output is applied to two stages of an emitter-follower cir- 
cuit. It controls the VCO frequency as a Control Voltage (Vc) signal. 

(7) Voltage Controlled Oscillator 
The VCO issues ECL level output. Refer to Table 8.3.3. 
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Figure 4.6.44 VFO Block Diagram 
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Figure 4.6.45 Data Window Timing Chart 
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VFO Control 

The VFO Control circuit controls the input to the VFO circuit, that is, the PLO output PLO1F 
or recovered read data, RAWDT, also generates VFO Fast Synchronization (VFOFS) for 
faster VFO synchronization with the input signal RAWDT or PLO1F. 


In the start-up sequence, when the Start Pulse (STARTP) is applied to the Seek Control 
circuit, Initial Seek (INSK) is initiated and the heads move towards the servo zone. From the 
leading edge of INSK to the going false of IGB2 detect, PLO Fast Synchronization (PLOFS) 
is applied to the PLO circut on the SDRM PCB. PLOFS enables faster synchronization of 
the PLO circuit with 2B clock and also initiates the PLO counter. 


The Initial Seek completion sets Linear Mode (LNMD), and also VFO Lock (VFOLK) to 
enable the synchronization of the VFO circuit. The leading edge of VFOLK triggers the VFO 
Fast Synchronization (VFOFS) one-shot (11.3 us). VFOFS sets the PLO Latch so that the 
PLO output, PLO’F, is applied to the input of the circuit and also activates faster syn- 
chronization of the VFO circuit. When the heads are retracted to the Landing Zone, VFOLK 
is reset to disable the synchronization of the VFO circuit. The timing chart of Initial 
Seek VFO control is shown in Figure 4.6.56. When an RTZ command is issued to the unit, 
RTZ Enable (RTZE) is set and VFOLK is reset. The completion of an RTZ operation 
activates the LNMD signal, VFOLK and VFOFS signals. The timing chart of an RTZ VFO 
control is shown in Figure 4.6.57. 


During a non-read operation, the VFO circuit synchronizes with the PLO output, PLO1F, 
and generates VFO clock (VFOCLK). In Hard Sector mode, at the beginning of a read 
operation, Read Gate is applied to the RG True Detect circuit after 4-bits and is clocked by 
the trailling edge of the 4%2-Byte clock, CLK2. Rise Red Gate (RRG) signal, which is an 
output of the RG True Detect circut, is applied to a 3-Byte Shift Register and then its 
output presets Ten on the Lock-To-Data counter to generate a 6-Byte Lock-To-Data 
(LDATA) signal. The LDATA signal is sent to the VFO Latch circuit so that the VFO 
circuit synchronizes with RAWDT. 


At the end of Read Gate, a 1-Byte Fall Red Gate (FRG) is detected and applied to the 
Lock To PLO Counter to generate a 6-Byte Lock To PLO (LPLO) signal. The LPLO 
signal is sent to the VFO Latch circuit so that the VFO Circuit synchronizes with PLO'“F. 


LDATA and LPLO signals are converted into the VFO Fast Synchronize (VFOFS) signal and 
applied to the VFO Filter circuit to decrease the time constant of the Filter. This promotes 
faster synchronization of the VFO circuit with RAWDT or PLO‘%F. 


The VFO control block diagram and timing chart are shown in Figure 4.6.58 and 4.6.59 
respectively. 
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Figure 4.6.46 VFO Control During Initial Seek/Retract Operation 
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Figure 4.6.47 VFO Control During RTZ Operation 
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Figure 4.6.48 VFO Control Block Diagram 
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Figure 4.6.49 UFO Control During Read/Write Operation 


4.6.8.2 2/7 decoder 
The 2/7 decoder converts the 2/7 data into NRZ data. 
The 2/7 data synchronized with 2F clock sent from VFO circuit is input to an eight- 
bit shift register, then sent to a decoder in which the 2/7 data is converted to NRZ 
data according to the conversion table listed in Table 4.5.2. 


A read command starts the decoder detecting all 1 gap data. When this data is 
detected, the 2F clock is toggled to VFO clock (VFOCLK) to transfer the data. The 
2/7 data is converted to NRZ data by gating VFOCLK. The NRZ data synchronized 
with VFOCLK is sent to the controller. 


Figure 4.5.52 shows the abbreviated block diagram of the 2/7 decoder. 
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9. TROUBLE SHOOTING GUIDE 


9.1. 


9.2. 


INTRODUCTION 


This section will contain trouble shooting flow charts according to the error status 
on the disk unit and control unit. 


Note: It is recommended that before any operations, maintenance personnel read 
carefully Section 6 Maintenance and fully understand the details of the 
procedures and tools required. 


Inspect each item in this list before applying power to the unit after installation. 


(1) Ensure that the AC line conditions satisfy the unit requirements. 
(2) If the control unit does not utilize Pick/Hold power sequencing lines, select 
“Local” mode on the power supply unit. 
(3) Inspect interface cables to ensure pin 1 on the cable goes to pin 1 of the 
connect both at the unit and control unit. 
(4) If the unit is in daisy chain with another unit, make sure the last unit has 
a Line Terminator (LTN) installed. 
(5) Ensure that the actuator lock is in the “OFF” position. 
(6) Ensure that the spindle drive motor lock is in the “OFF” position. 
(7) Ensure that the motor pulley and belt tension are correct per the AC line 
frequency. 
(8) Ensure that the spindle grounding plate (anti-static brush) is properly 
positioned. 
(9) Ensure that the proper logical unit number (LUN) of the unit is selected on 
the KGEM PCB and that each LUN is unique to only one unit. 
(10) Ensure that Hard/Soft sector mode is selected per the system configuration. 
(11) In the case of Hard Sector (fixed sector length), ensure that the correct 
sector count is set on the VOIM PCB. 
(12) Ensure that Tag 4/5 is enabled or disabled as per system configuration. 
FOR DUAL PORTED DRIVES. 
(13) Ensure that Disable/Normal keys are correctly set to the Normal position. 
(14) Ensure the Release Timer Key is set to the desired position. 
(15) Ensure that all PCB assemblies are firmly seated. 


ERROR STATUS 
The disk unit and/or the control unit will issue the following statuses. 


Table 5.2.1 Error Status 


Maintenance Personnel can see the unit status on the Maintenance Aid Display 
at the rear of the PCB chassis in the unit. Each status is defined by decoding 
Status tags (0 to 3) as shown in Table 5.2.2. 
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Table 5.2.2 Maintenance Aid Display 


Tag Decode 2 
Unit Normal 


Unit Selected 


Tag Decode 0 Tag Decode 3 


Seek Check 


Seek or RTZ 
Time Out 


Seek Guard Band 


Tag Decode 


Tag Decode 1 


Not Ready 


Device Check 


Control Check 1 


Status 0 Power Ready 


Status 1 Channel Ready Control Check 2 Fixed Sector Mode 
Linear Mode 
Status 2 Speed OK Read/Write Check 1 | On Cylinder Guard Band 


Status 3 


RTZ Outer 
Guard Band 


Over Track 
Crossing Pulse 


Read/Write Check 2 


File Protected 


Access-Head “1 
selected 


URDY, DVCK, 
SKERR 


Read/Write Check 3 


Initial Seek 
Time Out 


URDY 


Status 5 Read/Write Check 4 


Condition URDY-DVCK 


‘Notes: (1) Access-Head Selected must be always true (ON). 
(2) Illegal Cylinder Address must be always false (OFF). 


The trouble shooting guide is provided with the Error Code which is defined by the Maintenance 
Aid Display LED's. Each error code is represented in hexadecimal, in which TG2 is MSB 
(Most Significant Bit) and STO is LSB (Least Significant Bit). The error codes are shown 
in Table 5.2.3. 

Table 5.2.3 Error Code 


Unit Status 


Error/Fault 
Not Power Ready 


Not Speed OK 
Not GBENB 


Not START 


Not STARTP 


Read/Write Check 1 
Read/Write Check 2 
Read Write Check 3 
Read/Write Check 4 


Seek or RTZ Time Out 
Seek Guard Band 
Linear Mode Guard Band 


Not Ready 
Status 


Device Check 
Status 


Seek Check 
Status 


RTZ Outer Guard Band 
Over Track Crossing Pusle 
Illegal Cylinder Address 


(°1) Error Code “3F" activates DVCK status, which is issued to the control unit and lights the DVCK LED 
on the optional front panel. 


ST5 | ST4 
po | 0 | 
oo 0 
a 
Le 
HH 
oT 
ae 
po | o 
po [oO 
cxes 
1 jo 
po | 0 | 
po | 0 | 
po | oT 
po | oO] 
ces 
cake 


(*2) “X" ts irrelevant. 
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9.3 


5.4 


TROUBLE SHOOTING SYMBOL 


The trouble shooting flow chart contains the procedures to pursure malfunctions starting 
from an error status. 


The following conventions are provided to aid understanding the symbols used in the 
trouble shooting flow charts as shown in Table 5.3.1. 


Table 5.3.1 Symbol of Flow Chart 


ia Terminals. Starting point of the trouble. 
Mec | Decision, go ahead according to YES or NO. (Reference test point.) 
rs Connector, go ahead same-numbered symbol in same sheet. 


Connector, go ahead same-numbered symbol in another sheet. 


TROUBLE SHOOTING FLOW CHART 
In this paragraph, the following flow charts are provided. 


Figure 5.4.1 Not Ready 
Figure 5.4.2 Device Check 
Figure 5.4.3 Seek Error 
Figure 5.4.4 Read Error 
Figure 5.4.5 Dual Port 
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Replace 
KGEM 


Figure 5.4.1 Not Ready Flow Chart (Sheet 1 of 6) 
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NO 


YES 


NO 


Connect cable 
or LTN 
DV/RV Fault 


Replace 
KGEM 
or 


Check the 
control unit. 


Set the correct 
Disk address on 
KGEM 


From Sheet 1 


7 


1. Disconnect OC cable 


1. Replace, the fuse 
2. Re-power on 


2. Re-power on 


oe 
YES 
NO 


Connect DC cable 


Blower rotation? 
. Remove the following 
(1) KGEM 
(2) VOIM 
Thermal protector (3) CWWM 
fault (4) SORM 
(5) ROWM 
Replace blower 


Re-power on 


YES 


© NO Replace the bad PCB 


1. Disconnect all power 
cables. 


1. Remove ail PCB's 


2. Disconnect CN1 and 2 
3. Re-power on 


Corrected? ae NO 
Corrected? 
YES 


2. Re-power on 


Connect all power cable 
Disconnect CN4 
Remove SORM PCB 
Re-power on 


YES 
Reptace power 
supply unit Connect CN2 
YES 
Corrected? 
NO 
. 
YES 
| h i 
1. Power off 
2. Seat SORM 


Replace Speed 
Transducer 


3. Re-power on 


: 
YES 
Replace SORM PCB Bac ae . 


Figure 5.4.1 Not Ready Flow Chart (Sheet 2 of 6) 
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From Sheet 1 


Error Code 00/02 


(Not PWRDY) 


NO 
OC Voltage correct? 
YES 
NO 
PWRDY correct? 
YES 
Start Circuit Fault PWRDY detect fault 


Replace KGEM PCB Replace ROWM PCB 


NO 
Adjustable? 
YES 


Adjust DC voltage on 
Power Supply Unit 


Replace Power 
Supply unit 


Figure 5.4.1 Not Ready Flow Chart (Sheet 3 of 6) 
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From Sheet 1 


Error Code 01/03 


Disk rotating? 


<Xrsc cones 
< Bet on > "0 


YES 


Belt on? 


NO 
YES Put the belt on 
YES 
Adjust Speed Time 
YES (KGEM-RV1) . 
No | 
SPD > 80%? 


YES NO 


Replace Speed 
Transd 


YES cer 


Relay RL on? 


Replace KGEM PCB 


Correct 
belt tension? 


Adjust Belt 
Tensicn 


Pulley 
wection correct? 


YES 


Pit the pulley 
to correct direction 


Replace Pow2r 
Supply Unit 


Reptace Spindle 
Drive Motor 


Figure 5.4.1 Not Ready Flow Chart (Sheet 4 of 6) 
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From Sheet 1 From Sheet 1 


Error Code 05/07 


Start Timer Fault 
Replace KGEM PCB 


Error Code 0D/0F 


From Sheet 1 


Error Code 1D/1F 
ep ont 


Replace VOIM PCB YES 


ae STARTP true? 
YES 
Replace CWWM PCB 


Figure 5.4.1 Not Ready Flow Chart (Sheet 5 of 6) 


Replace KGEM PCB 
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Error Code 3D/3F 


ee] 


From Sheet 1 


NY 


YES 
Actuator locked? 


Unlock the actuator 


Replace CWWM PCB 


SERVO correct? 
(SORM TP1) 


NO 
(ROWM G34) 


Replace ROWM PCB 


NO 


1. Set OVCK CLA 


2. Check the following test 
points on CWWM 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 


(1) 
(2) 


Check the following signals 
on SDRM 


GT1 (TP2) 
GT4 (TP3) 
SVSLT (TP6) 
SVPL (TP8) 
PLOSS (TP9) 
PLOL (TP10) 
IX (TP 16) 


RTR (false) 
FWDD (true) 
LSPD (false) 
DALM (true) 
LNMD (false) 
GTZM (true) 


NO 


<i caeer > 


YES 


Check the following test 
points on SDRM 


(1) ONTRK 
(2) —VEL (TP21) 
(3) CSNS (TP30) 


Replace DE Replace SORM PCB 


Figure 5.4.1 Not Ready Flow Chart (Sheet 6 of 6) 
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DEVICE CHECK 


During Not Ready? 


YES 


lilegal commands from the 
control unit 
Read Gate, Write Gate 
Off-set command, or Tag 1 
command during Not 
Ready status 


Check the following items 


Driver/receiver 
Cabling 


Control unit function 


NO 


Error Code 41 


To Sheet 2 


Error Code 42 


To Sheet 2 


Error Code 44 


2 


eet 3 


Error Code 48 


° 
” 
Js 
$ 
> 


Error Code 50 


To Sheet § 


Error Code 60 


To Sheet 6 


Figure 5.4.2 Device Check Flow Chart (Sheet 1 of 6) 
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From Sheet 1 


Error Code 41 


This error code is defined by the following 
illegal commands. 


Read Gate or Write Gate during Seek 
Error status. 


Read Gate or Write Gate when the 
access head is in motion 


Offset or Seek command during Seek 
Error status. 


Offset or Seek command when the 
access used is in motion. 


From Sheet 1 


Error Code 42 


This error code is defined by the following 
illegal commands. 


legal command 


Check the control 
unit function 


Read Gate during writing. 
Write Gate during reading 
Write Gate during offset. 


Write Gate during Seek Error status. 


Figure 5.4.2 Device Check Flow Chart (Sheet 2 of 6) 
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From Sheet 1 


Replace SDRM PCB 


Adjust specified 
potentiometers 


This error code is defined by the following YES 
faults ; 


- VCM Over-heat 
NO 


¢« Write Gate during off-track condition 


VCM fault 


YES Replace Disk 


Enclosure 


(KGEM TP07) 
NO 


Check —FNPOS signal on the 
specitic track 


—FNPOS: -: 1Vo-p max 


Replace SORM PCB 


Fault detection 


failure 
Adjust specified 
potentiometers 
Replace CWWM PCB 
YES 
Corrected? 
NO 


Replace Disk 


Enclosure 


Figure 5.4.2 Device Check Flow Chart (Sheet 3 of 6) 
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From Sheet 1 


Y oF 
(KGEM TP12) 


| Error Code 48 | NO 


ed 
Se 
(ROWM TPS) 


This error code is defined by the 
fullowing faults. 


Write-unsafe during writing 


Write-unsafe during reading 


: NO 
During writing? 
© ; 


(KGEM TP12) YES 
Replace KGEM PCB YES 2 


HAR 1 to 8 correct? 
Replace VOIM PCB 


NO 
YES 


YES Check the control 
unit function 


Replace Disk 
Enclosure 


Figure 5.4.2 Device Check Flow Chart (Sheet 4 of 6) 
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Note: 


From Sheet 1 


Error code 
50 
i NO 
YES 
Fee 
Turn off FPT switch 


Replace CWWM 
PCB 


NO 
Replace 
KGEM PCB 


FPT (file-protect) switches are located on 
the front panel and the PCB chassis. 


Figure 5.4.2 Device Check Flow Chart (Sheet 5 of 6) 
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From Sheet 1 


Error code 
60 


This error code is defined by the following 
faults 


* Multi-chip-selected or head-short during 
writing or reading. 


= 
(ROWM TP20) 
YES 
YES 
NO 


Replace Disk Replace 
Enclosure KGEM PCB 


Figure 5.4.2 Device Check Flow Chart (Sheet 6 of 6) 
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Error Code C1 


Error Code C2 


° 
n 
J 
8 
Ww 


Error Code C4 


ai] 


To Sheet 4 


Error Code C8 


Error Code DO 


7 | : f| 


To Sheet 6 


Figure 5.4.3 Seek Error Flow Chart (Sheet 1 of 6) 
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From Sheet 1 


Check the following signals 
on SORM 


(1) °“ORLM 
(2) *“LNMD 
(3) FWD 
(4) “LSPO 
(5) GTZ 


| Error Code C1 | 


This error code is Gefined by the 
following faults 


Seek/RTZ Time out 


During seek or RTZ? 


Seek 


YES 


TXPL and NO 
ONTRK correct? 


YES 
IGB1, IGB2, 
*INX correct? 
(CWWM 
YES 


TP23/24) 


Check the following signals 
on SDRM 


(1) *ORLM 
(2) °LNMD 

(3) °*O1-°D128 
FWD 


TP38/39) YES 
Seek contro! 


circuit fault 
ae eee Adjust the servo © 
-heck th wing analogue circuit a 
signals on SORM : 


on SDRM 
(1) TXPL (TPE7) Replace CWWM 
(2) ONTRK 
: 
= NO YES 
YES 


Ne PSDR correct? 
YES Servo analogue 
circuit Fault 
NO 
V=0 correct? 
YES € Replace SDRM 


Figure 5.4.3 Seek Error Flow Chart (Sheet 2 of 6) 


BO3P-4580-0403A...01 5-17 


From Sheet 1 


Error Code C2 


This error code is defined by the 
following fault 


Detecting Guard Band during 
Seek Mode 


= 
correct? 
(CWWM 
TP37/39) 


TXPL and 
ONTRK correct? 


(SDRM 

TO017) 

(SDRM 

TP23) YES 


*D1~0128 


correct? 

YES 

Adjust the servo Replace CWWM 

analogue circuit 

on SDRM 
NO 
- 
YES 
Replace SORM 
he Corrected? 
YES 


Servo Surface 
is defective 


Replace 
Disk Enclosure 
(DE) 


Figure 5.4.3 Seek Error Flow Chart (Sheet 3 of 6) 
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From Sheet 1 


This error code is defined by the 


following fault 


Detecting Guard Band during 
Linear Mode. 


Check the positioning wave form 
of —FNPOS (TP12) onSDORM 
—FNPOS & 1.0 Vp-p 


(SDRM TP12) - 


YES 


Adjust the servo 
analogue Circuit 
onSDRM 


—-FNPOS corrected? 


(SDRM TP 14) 


Replace SDRM 


Check the Guard Band detect 
circuiton SORM and CWWM 


Servo surface 
is defective 


Replace 
Disk Enclosure 
(DE) 


Replace bad PCB 


Figure 5.4.3 Seek Error Flow Chart (Sheet 4 of 6) 
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From Sheet 1 


Error Code C8 


This error is defined by the 
following faults 


Detecting OGB during Go to 
Zero Mode 


Check the Guard Band detect 
circuit on SORM and CWWN 


YES 
Replace bad PCB 
Check the following 


signals on SORM 


(1) FWDO 
(2) *LSPD 
(3) *PSOR 


Teo 
YES 
Replace CWWM 


Adjust the servo 
analogue Circuit 
on SORM 


NO 


YES 


Replace SDRM 


Restart 


Servo Surface 
is defective 


Replace 
Disk Enclosure 
(WE) 


Figure 5.4.3 Seek Error Flow Chart (Sheet 5 of 6) 
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From Sheet 1 


Error Code DO 


This error is defined by the 
following fault. 


TXPL occurs three times Guring 
settling time and Linear Mode 


Check the positioning wave form 
of — FNPOS (TP14) on SORM 


a 
YES 
<n 
(SDRM TP17) 


Replace CWWM 


Check the following signals 
on CWWM 


(1) °*DRLM (TP37) 
(2) FWD (TP39) 
(3) °EVEN (TP33) 
(4) °*PSDR (TP34) 


Adjust the servo 
analogue circuit 
on SORM 


YES 


Replace SDRM 


Restart 


Figure 5.4.3 Seek Error Flow Chart (Sheet 6 of 6) 
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Read Error 


es 
a YES 
NO 
NO 


NO 


(CWWM TP49) YES 


Replace CWWM 
PCB 
Specify HD, 
HIC, CYL, RC? 
Specific area? 


| HD 
HIC AA 
CYL DA 
RC 


3, 2, 20, To Sheet5 To Sheet 3 


To Sheet 2 
Note AAis Address Area 


DA is Data Area 


Figure 5.4.4 Read Error Flow Chart (Sheet 1 of 6) 
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From Sheet 1 


| Specific Head | 


<a 


(CWWM) 
YES 
<>" 
(ROWM) YES 


Replace Disk Check the control 


Enclosure unit function 


From Sheet 1 


Specific cylinder 


~ FNPOS correct? 


D1 to D128 
correct? 


Check the control 
function 


Replace Disk 
Enclosure 


Heplace CWWM 
PCB 


Note One chip has four heads 


“S 0: HDO to 3 
1: HD4 to 7 
2: HD8 to 11 
3: HD12 to 15 


Figure 5.4.4 Read Error Flow Chart (Sheet 2 of 6) 
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From Sheet 1 


Specific Chip 


pea 
YES 


CS Oto3 
correct? 


NO 


Replace ROWM PCB 


From Sheet 1 


Specific record 


Use the spare area 


5-23 


From Sheet 1 


From Sheet 5 


eee RG true? 


SB Error 


Flag/Cylinder Error 


To Sheet 4 


LDATA/LPLO Usk 
true? 
(VOIM (VOIM 
TP01/06) YES TP18/19) NO Check the control 
unit ‘unction 
YES <> 
(SDRM 


TP17/18) P16) NO 


f 
Replace ROWM PCB 
YES 
Recovered? 


NO 


fs 
YES 
NO 


Replace 
Disk Enclosure Replace SORM PCB 


| Cylinder Error | 
Issue RTZ command 
YES 


Check the control Refer to Seek Error 
unit function flow chart 


Figure 5.4.4 Read Error Flow Chart (Sheet 3 of 6) 
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From Sheet 3 


| CRC Error | 


<a =a 


(VOIM 
1P18/19) 


(CNWM: 


NO 


Check the control Replace Disk im PCB 
Replace ROWM PCB unit Replace SDRM PCB eaniesure Replace VO 


Figure 5.4.4 Read Erro: Flow Chart (Sheet 4 of 6) 
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From Sheet 1 


yy 
a 


NO 


To Sheet 3 


Data Error 


__NO 


— 


ae 


Use the spare area 8, 


To Sheet 6 


Figure 5.4.4 Read Error Flow Chart (Sheet 5 of 6) 
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From Sheet 1 


TP6/7 NO 
amplitude correct? 


YES 
Vcc, Vee 1,2. 4 YES 
correct? 
(ROWM) 


NO 


(ROWM 
TP6/7) 


RAWD 
eit correct? 
( 


T 
TP17778) YES Replace Disk 
Replace ROWM PCB Enclosure (DE) 
From Sheet 5 


NO TMG adjust 
(VOIM correct? 


CHE 1/2) YES 
Adjust RYV5 
CHE1 is NO 
RAWDT? 
(VOIM 
CHE1) 


LDATA/LPLO YES 


correct? 


VFOCLK/RDAT na 


correct? 


IFRCLK/RDAT 
output correct? 


YES 


Replace 


KGEM PCB Replace VOIM PCB 


¢ Check the interface cable 


* Check the control unit 


Note: TMG is Time-Margin 


Figure 5.4.4 Read Error Flow Chart (Sheet 6 of 6) 
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OUAL PORT 


Not Selected 


To Sheet 2 


Selected but not Reserved 


To Sheet 3 


Selected but not Priority Selected 
(Unconditionally Reserved) 


To Sheet 4 


Selected but not Released 


To Sheet 5 


Figure 5.4.5 Dual Port Malfunction Flow Chart (Sheet 1 of 5) 
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From Sheet 1 


NO 
YES 
: Correct Cabling 


NO 
Normal position? 
Maintenance 
Switch 
YES Set to the 
desired pusition 
Priority YES 
Selected? 
NO Wait for Release 
command from 
the opposite 
channel 
CHA or CHB CHB 
Select Try? 
CHA 
YES 
( XCBM ) 
TRM2-01 
NO 


Replace KGEM Replace XCBM 


Figure 5.4.5 Dual Port Malfunction Flow Chart (Sheet 2 of 5) 
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5-30 


From Sheet 1 


Check a LED on 
Dual Port 


RLTM 
desired position? 


NO 


Set the RLTM switch 
to the desired position 


Own Channel NO 
always Releasing 
YES Replace XCBM 
CHA or CHB? ae 
Replace KGEM Replace XC8M 
YES 
Corrected? 
NO 


Check the Control 


Unit function 


Figure 5.4.5 Dual Port Malfunction Flow Chart (Sheet 3 to 5) 
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From Sheet 1 


Check the following test points 


Channel A Priority Selected TRM2-05 
(DISCHB) 


Channel B Priority Selected TRM2-06 
(DISCHA) 


NO 


CHB 
Replace XCBM CHA or CHB? 


Replace KGEM 


Replace XCBM 


NO 


Check the Control 


Unit function 


Figure 5.4.5 Dual Port Malfunction Flow Chart (Sheet 4 of 5) 
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(__ XCBM a 
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NO 


YES 
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YES 
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CHA 


Replace KGEM 


YES 


Figure 5.4.5 Dual Port Malfunction Flow Chart (Sheet 5 of 5) 
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Section 6 
Maintenance 


BLANK 


6. MAINTENANCE 


6.1 INTRODUCTION 


This section covers maintenance of the unit, and is divided into General Precaution, 
Preventive Maintenance, Maintenance Equipment, Parts Replacement and Adjust- 
ment, and Electrical Checks and Adjustment items. 


6.2 GENERAL PRECAUTIONS 


6.2.1 


6.2.2 


6.2.3 


6.2.4 


6.2.5 


6.2.6 


Power ON/OFF 

(1) Visually check the condition of the device before turning the power 
on and off. 

(2) Before turning the power on after maintenance, check that all the printed- 
circuit boards are mounted in the correct position. 


PCB Assembly and Connector Removal 

(1) Always turn the power off before removing and inserting printed-Ccircuit 
boards and connectors. 

(2) Always insert the printed-circuit boards along the printed-circuit board 
guide. 


Parts Replacement 

(1) Use screwdrivers, wrenches, and other tools matched to the size of the 
screws and bolts. 

(2) Do not leave removed screws in the device. 

(3) Tighten all the screws securely. 


DE Replacement 

(1) A Disk Enclosure (DE) is sensitive to shock. Be careful when handling 
or replacing the DE. Do not apply a shock. 

(2) Use the specified packing box for a spare DE. When returning the replaced 
DE, put the DE into the specified packing box used for transporting. 


Dual Port Switches 

(1) Turn the switches to the desired position according to system con- 
figuration. 

(2) After maintenance, turn the maintenance switch to the Normal A/B 
(NRA/NRB) position. 


Others 

(1) Use test equipment that has been correctly calibrated. 

(2) Always record the data and its processing for later reference when 
trouble occurs. 


6.3 MAINTENANCE TOOLS AND EQUIPMENT 


Table 6.3.1 Maintenance Tools and Equipment 


Tool and equipment 


Oscilloscope TEKTRONIC 475, or equivalent 
Oscilloscope probe (X10) TEKTRONIX P60538B, or equivalent 
Digital multimeter 

Extender B16B-3190-0010A 

Screwdriver 


Hexagon Wrench 


Wrench or crescent wrench 
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6.4 PREVENTIVE MAINTENANCE 
No special preventive maintenance is necessary. 


6.5 MECHANICAL PARTS REPLACEMENT AND ADJUSTMENT 
When replacing mechanical parts, always lock the spindle and actuator. 


6.5.1 Disk Enclosure 


The disk enclosure (DE) is attached to the sub-frame with three nuts. To replace 
the DE. proceed as follows: 


Remove these three nuts and replace DE 


(1) Grounding Plate 
Figure 6.5.1 Disk Enclosure Replacement 


(A) Removal 
(1) Remove grounding plate between gate shelf and sub-shelf of unit. 
(Top side) 
(2) Disconnect wiring (CN2, CN3, and CN5) from the gate shelf. 
(3) Lock actuator. (Refer to 3.4.4) 
(4) Remove belt in accordance with 6.5.4. 
(5) Remove three nuts shown in Figure 6.5.1 from rear of sub-frame. 
(6) Remove DE by lifting it slowly, being careful not to damage any of 
the wires. 
Note: Be careful not to lose disk enclosure isolating bushing (polyacetal: 
white) and rubber packing when replacing disk enclosure. Refer to 
Figure 6.5.2. 
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DE mounting screw 


“1 YZ Isolating Bushing 
H Gu (polyacetal) as 
Sub-frame 
| Sub-frame 
Ye La Rubber Packing 


l 4 
« Washer 
Washer (F6-WB-8S) —— 2 
Nut (F6-N1 -8S) _ 2 
Figure 6.5.2 DE sete 
(B) Installation 


(1) Fasten Disk Enclosure to the sub-frame as illustrated in Figure 6.5.2. 

(2) Install belt in accordance with paragraph 6.5.4. 

(3) Unlock actuator (See paragraph 3.4.4). 

(4) Fasten connectors (CN2, CN3, CN5) coming from disk enclosure. 

(5) Install grounding plate between gate shelf and sub-shelf of the unit. 

Note: After DE replacement, the adjustments of SORM PCB assembly may be 
required as described in 6.6.3.1 to 6.6.3.3. 


6.5.2 Spindle Drive Motor 
The spindle drive motor is fastened to the sub-frame. 
To replace this motor, proceed as follows: 


Orive motor 


Shaft assembly 


E-type snap ring 


ies Shaft 


Sub-frame 


Figure 6.5.3 Disk Drive Motor Replacement 


BO3P-4580-0403A...01 6-3 


6.5.3 


6-4 


(A) Removal 


(1) 
(2) 


(3) 


Disconnect motor cable from TRM2. 

Remove belt in accordance with paragraph 6.5.4. 

Remove E-type snap ring shown in Figure 6.5.3, and pull out the motor 
from shaft. 


(B) Installation 


(1) 
(2) 


Install motor, and fasten it to shaft with E-type snap ring shown in Figure 6.5.3. 
Install belt in accordance with paragraph 6.5.4. 


(3) Connect motor cable by terminal numbers of TRM2. 


Motor Pulley Replacement 

To replace the motor pulley and change from 60Hz to 50Hz, proceed as follows: 
Refer to Figure 6.5.4. 

(A) Removing motor pulley 


(6) 


Remove belt in accordance with paragraph 6.5.4. 

Loosen and remove two screws A. 

Insert removed screws A into screw holes in holder A, and remove the 
holder A by tightening screws alternately. 

Loosen and remove two screws A from holder A. 

Insert removed screws A into screw holes in pulley, and remove the holder 
B for top-ward by tightening screws alternately. 

After removing holder A and holder B, remove pulley from motor shaft. See 
Figure 6.5.4. 


(B) Installing motor pulley 


(1) 
(2) 


Check line frequency. Large diameter of pulley is for 50Hz and small diameter 
is for 60Hz. Refer to Pulley Label. 

Insert holder A and holder B into taper of pulley and align holes of pulley 
with holes of holder A and screw holes of holder B. (Holder A must be 
inserted into taper of pulley on opposite side of specified frequency.) 

Pass screws A through holes of holder A and tighten with holder B loosely. 
Insert the pulley onto motor shaft with specified frequency side on top, and 
set 'B” surface of pulley with “A” surface of motor shaft. 

Fasten the pulley to motor shaft by tightening screws A alternately. 

Insert belt in accordance with paragraph 6.5.4. Belt must be at center of 
pulley when it is rotating. 
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Pulley direction 


60Hz 50Hz 
= a 
Motor Motor 
Drive motor shaft 
Belt Belt 
A surface —~ 


Pulley Pulley 
(small diameter) 


Holder B 
(large diameter) 


WY 


Flat belt 
Taper Alignment 


\ ; i\ — | | enero ete 010 0r0re 00700 0 010 8 seetotetetetete’. 
60Hz side ; \ 7 —~ niteiheteanntmeeteeeeeeeeeene 
\\ 
\ aes eas 
50Hz side \ 
\ WE 
B surface ~ 
Motor pulley 
' 
Taper Alignment : 
Cit \ i ea 
Holder A 
¢ 
Screw A (2) 
Tuy, 


Holder A 


When installing pulley. 
ad pass screws A through 
these holes and tighten 
holders 


When removing pulley. insert screws 
A into these screw holes and pull holder A 
by tightening iwo screws alternately. 
Next. insert screws A into screw 
holes in pulley and lift holder B 


for top-ward by tightening two screws 
alternately 


Figure 6.5.4 Motor Pulley Replacement 
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(C) Readjustment of belt tension 
After changing the motor pulley to meet a different power line frequency, make it a 
rule to readjust belt tension. 


Tension adjustment label is located beside the side of the slider (see Figure 6.5.5). 
Adjust belt tension with screw “D’’ so that the rear edge of the slider is aligned to proper 
reference line of tension adjustment label. 


According to power line frequency and type of device installation, there are four setting 
positions (reference lines). The relation between installation position and line frequency 
is shown on pulley label put on motor cover Pulley label is shown in Figure 6.5.6. 


Tension spring Slider 


60Hz reference line 


Tension adjustment label (Horizontal) 


in case of 60Hz frequency 


LL 
a 


TENSION MARK 


50H 60H | DEVICE IS INSTALLED HORIZONTALLY 


50V 60V | DEVICE IS INSTALLED VERTICALLY 


Figure 6.5.6 Pulley Label 
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6.5.4 Belt Replacement 
To replace belt proceed as follows: 
(A) Removing belt 
(1) Loosen screws “B” (2) and remove screws “C” (2) shown in Figure 6.5.7, 
and remove spindle cover and motor cover. 
(2) Lock spindle (see paragraph 3.4.3). 
(3) Loosen belt by loosening screw ‘“D” of Figure 6.5.6 with a hexagon wrench, 
and remove belt. 


Flat belt Screw "B" (2) Spindle cover 


Motor cover 


Screw "'D" 


Rotation Direction Mark 


Figure 6.5.7 Bett Replacement 


(B) Installing belt 
(1) Position the belt, and adjust belt tension. Adjust belt tension with screw 
“D” so that the rear of slider is aligned to the correct line on the tension 
adjustment label as shown in Figure 6.5.5. 
(2) Unlock spindle (see paragraph 3.4.3). 
(3} Adjust spindle grounding in accordance with paragraph 6.5.5. 
(4) Install motor cover and spindle cover. 


6.5.5 Spindle Grounding Plate (Anti-static Brush) 
To replace and adjust spindle grounding plate proceed as follows (see Figure 6.5.8). 
(A) Replacement 
Spindle grounding plate is replaced by removing screw "E” (2). 
(B) Installation and adjustment 
Confirm that the center of the spindle shaft is at the center of the spindle grounding 


contact, and tighten spindle grounding plate. 
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Center of spinuie shaft 


Spindte pulley 


Spindle grounding Spindle grounding plate 


contact 


Screw “E” (2) 


Figure 6.5.8 Spindle Grounding Plate Replacement and Adjustment 


6.5.6 Speed Transducer 
The speed transducer is used to detect the speed by detecting the projection attached 
to the spindle pulley. 
(A) Removal 
(1) Remove disk enclosure as described in paragraph 6.5.1. 
(2) Loosen screw “F" (2) shown in Figure 6.5.9, and remove holder plate. At 
this time, also remove the speed transducer assembly. 
(3) Loosen screw “G”" (2), and replace the speed transducer assembly. 
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(B) 


YY Facing center of spindle 


Speed Transducer , 4 : 


Screw “F" (2) 


Screw ‘'G" (2) 


\ Holder plate 


1.5 to 2.0mm 
0.5mm 


|—.— 


Preliminary 


Figure 6.5.9 Speed Transducer 


Installation 

(1) When installing the speed transducer, adjust so that it does not touch the 
pulley and projection. Refer to Figure 6.5.9. 
Moreover, center of the speed transducer must be facing center of spindle. 
After adjustment, retighten screws. 

(2) Fasten Disk Enclosure to sub-frame as described in paragraph 6.5.1. 

(3) Rotate the spindle pulley by hand in proper direction and ensure that 
projection of the pulley does not contact the speed transducer. 
Also ensure that there is a gap (about 0.5mm) between the speed transducer 
and be!t when the belt is shifted up to the speed transducer. 


6.5.7 Blower Replacement 


The blower is installed on the bottom, front of the sub-frame, and blows air through 


a duct in the sub-frame to cool the sub-frame, PCB assemblies and motor. 


To replace the blower refer to Figure 6.5.10, proceed as follows: 
(A) Removal 

(1) Disconnect blower cable from TRM3. 

(2) Remove screws ‘“H” (4), and remove blower. 
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Screws +H" (4) Sub-frame 


Blower 


Figure 6.5.10 Blower Replecement 


(B) Installation 
(1) When installing blower, be sure that outlet of blower is pushed tightly against 
duct so that there is no air leakage. 
(2) Connect blower cable by matching numbers on wires to terminal numbers 
of TRM3. 


6.5.8 Brake Relay 
Replace relay by removing holder. Remove holder by pulling it in directions of arrows 
in Figure 6.5.11. 


Holder 
Pull 


Relay 


Pull 


Figure 6.5.11 Relay Replacement 
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6.5.9 Dual Port Option 
When the Dual Port option is replaced, perform the reverse procedure as described 


in Figure 3.4.9. 


When the Cross-Call B (XCBM) PCB assembly is replaced, perform the following 
procedure: 


(1) 
(2) 


(3) 
(4) 
(S) 
(6) 
(7) 


Loosen two screws securing the cable holder, and remove the cable holder. 
Disconnect the interface cables (OM1B, OM2B and OM3B) connecting to 
channel B. 

Disconnect cables on connectors CN32 and CN34 from XCBM PCB assembly. 
Remove the cover by loosening the three screws. 

Disconnect a cable on connector CN31 connecting KGEM PCB assembly. 
Remove XCBM PCB assembly by removing the four screws. 

Reposition the spare XCBM PCB assembly by reverse procedure items (1) to 
(6). Refer to Figure 6.5.12. 


After replacement, fully check the switches for their modes and cables for their 
connections. 


Caution: When connecting the 10-pin cable to CN32, see that this cable does not 


interfere with FPT (File Protect) switch function. 
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Fixing XCBM PCB Assembly 


Figure 6.5.12 XCBM PCB Assembly Replacement 


6.6 PCB ASSEMBLY REPLACEMENT/ADJUSTMENT 


6.6.1 PCB Assembly Arrangement 
The following Printed Circuit Board assemblies are mounted in the PCB chassis. 
To remove these PCB's, remove the top cover of the PCB chassis by loosening 
to screws, and then pull the levers on the PCB assemblies. 


The PCB arrangement of the FDU M2298 is shown in Table 6.6.1. 


Table 6.6.1 PCB Arrangement 


PCB Chassis ROWM Read/Write Circuit 


Seek Control 
PCB Chassis 


Interface Control 


6.6.2 Test Point Arrangement on the PCB 
Each PCB assembly is provided with test points and potentiometers to check 
and/or adjust the circuit functions. 
(1) ROWM PCB 
The test points and potentiometers are located on the ROWM PCB assembly 
as shown in Figure 6.6.1. 


TP11 TP10 


Note: No Adjustments are required when the PCB is replaced 


Figure 6.6.1 ROWM PCB Test Points 
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Table 6.6.2 ROTM PCB Test Points 


SCHEMATIC 
TP NO. ABBREVIATION SIGNAL NAME PAGE CODE 


(CH1) 1 WCA Write Current A EA1 
(CH1) 2 WC B Write Current B EA1 


Diag Latch EA1 


Write Echo - Unsafe 
| Pre-Amp Output 1 
Pre-Amp Output 2 ss 
AGCOT 1 AGC. Output 1 


AGCOT 2 AGC Output 2 
INTLT 1 a “Integrator 1 
Integrator 2 
Sample Clock 
Pulse Shaper 2 
Pulse Shaper 1 
‘Diff. Output 2 
. Diff. Output 1 
Raw Data 1 
Raw Data 2 
Power Ready 


Multi-Selected 


The ROWM PCB assembly is provided with one potentiometers, however, no adjustments are 
required when the PCB is replaced. The potentiometer function is shown in Table 6.6.3. 


Table 6.6.3 ROTM Potentiometer Function 


Function/Adjustment Reference TP 


TP1/TP2 
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(2) SDORM PCB 
The test points, potentiometers, and switches are located on SDRM PCB assembly as 
shown in Figure 6.6.2. 


Figure 6.6.2 SDRM PCB Test Points 


Each test point function is shown in Table 6.6.4. 


Table 6.6.4 SDRM PCB Test Points and Check Terminals 


SCHEMATIC 
TP NO. ;} ABBREVIATION SIGNAL NAME PAGE CODE 
1 SERVO Servo Signal CAI 
2 *GT1 Gate 1 CA2 
3 *GT4 Gate 4 CA2 
4 AGC AGC Control CA3 
5 PLOVC PLO Control Voltage CA2 
6 SVSLT Servo Slice Out CA1 
7 SVPWD Servo Pulse Window CA1 
8 SVPL Servo Pulse CAI 
9 PLOSS PLO Single Shot CAI 
10 PLOL PLO Latch CA1 
11 2 BYTCL 2 Byte Clock CA2 
12 POSN Position Normal CA3 
13 POSQ Position Quadruture CA3 
14 -FNPOS Fine Position CB1 
15 *OFTRK Off Track CA3 
16 Ix Index CA2 
17 TXPL Track Crossing Pulse CB3 
18 DRLM Drive Linear Motor CB3 
19 FWD Forward Drive CB3 
20 V=0 Velocity=0 CBI 
21 -VEL Velocity CBI 
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Table 6.6.4 SDRM PCB Test Points and Check Terminals (Continued) 


Abbreviation Signal Name Saag ai 


Absolute Velocity 
DA Convertor 
Function 
Velocity Error 
Position Error 
Power AMP Drive 


Clamp Position 
Tach Velocity 
Current Sense 


Clamp Position 
Normal > Quadrature 
Normal + Quad > 0 
Fine Velocity 

Guard Band Enable 


The SDRM PCB is provided with eight potentiometers and five selecting switches, however, 
only the three potentiometers (RV2, RV5 and RV6) must be adjusted when the PCB is 
replaced. 


The potentiometer and switch functions are shown in Table 6.6.5 and 6.6.6. 


Table 6.6.5 SDRM Potentiometer function 


| Pot No. | Function/Adjustment Reference TP/S 


VCO Control Voltage TP5 
Position Time* (CWWM) CH7 
Servo Pulse Window TP7 


PLO Single Shot TP9 
Position Signal Gain* TP12 
Over-shoot TP14 
DA Output TP23 
Fine Velocity CH4 


*The potentiometer RV2 and RV5 require adjustment when the SDRM PCB is replaced. 


Table 6.6.6 SDRM Switch Function 


Reference 
Power Amp. Drive Cut NONE 
VCO Select TP11 
(3) CWWM PCB 


The test points, check terminals and a potentiometer are located on CWWM PCB assembly 
as shown in Figure 6.6.3. 


Switch 
No. 
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Note. 


No adjustments are required when the CWWM PCB assembly is replaced. 


Figure 6.6.3 CWWM PCB Test Pointe 


Each test point function is shown in Table 6.6.7 and 6.6.8. 


Schematic 
Page Code 


Table 6.6.7 CWWM Check Terminals 


CH No. | Abbreviation Signal Name 


Ground 

VFO Fast Sync 
Settline 1 
Settling 2 
Settling 3 

Over Cylinder Timer 
Guard Band Timer 
Positioning Timer 


NOOO 2 WD =~ © 


Table 6.6.8 CWWM Test Points 


Schematic 


Signal Name Page Code 


Outer Guard Band 
Inner Guard Band 1 
Inner Guard Band 2 
Seek End 

On Cylinder 

Unit Ready 

Seek Error 

Seek Complete 


Sub Enable BD4 
Even BD4 
Position Drive BD4 
Linear Mode BD4 
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(4) 


6-18 


Table 6.6.8 CWWM Test Points (Continued) 


Abbreviation 


DRLM 
LSPD 
FWDD 
*OVTXPL 


GND 
TMOTP 
RTRM 
SEKM 
GTZM 
*PLO 1B 
*OFACT 
*FHDSL 
USLD 


The CWWM PCB is provided with a potentiometer (RV1), however, no adjustment is 
required when the PCB is replaced. The potentiometer function is shown in Table 6.6.9. 


Schematic 
Page Code 


Signal Name 


Drive Linear Motor 
Low Speed 

Forward Drive 

Over Track Crossing 


Time Out Pulse 
Retract Mode 
Seek Mode 

Go To Zero Mode 
PLO 1 Byte Clock 
Offset Active 
Fixed Head Select 
Unit Selected 


Table 6.6.9 CWWM Potentiometer Function 


VOIM PCB 


Tne check terminals, switches, and potentiometers are located on the VOIM PCB 


Pot No. Function/Adjustment 
Settling Time 1 CH2 


Reference CH 


assembly as shown in Figure 6.6.4 
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RV1 RV3 


Note: SW1 and SW2 must be selected when the PCB is replaced. 


Figure 6.6.4 VOIM PCB Test Points 


Each test point function is shown in Table 6.6.10. 


Table 6.6.10 VOIM Check Terminals 
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Table 6.6.10 VOIM Check Terminals (continued) 


or 


The VOIM PCB assembly is provided with potentiometers and switches, however, no 
adjustments except SW1 and SW2 are required when the PCB is replaced. These functions 
are shown in Table 6.6.11. 


Table 6.6.11 VOIM Potentiometer/Switch Function 


} No. Function/Adjustment Reference TP 


Reference Pulse Adjustment CH2 
VCO Adjustment CH4 
Delay Data One shot CH1/CH3 


(5) KGEM PCB 
KGEM PCB assembly is for an interface control logic to support dual port or single 
port function. 


The test points and potentiometers are located on the KGEM PCB assembly are shown 
in Figure 6.6.5. Each test point function is shown in Table 6.6.12. 


ov | 


-_ 
© 


cS 
CH! Co 


(—5V) CH5 


KGEM Assembly 


Note: No potentiometer adjustment is required when the PCB is replaced, however, the switch selecting should be performed to 
meet the customer's configuration 


Figure 6.6.5 KGEM PCB Test Points 
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Table 6.6.12 KGEM Test Points 


Abbreviation Signal Name sa ere 


GND 

RG Read Gate 

PWRCNF Power Conflict 

VCMHT VCM Heat 

INTMOT Initial Time Out 
Device Check 


Write Enable 
Access Head Select 
Index 

Sector 

Start 

Guard Band Enable 
Speed OK 


CHAENB/ Channel A Enable/ 
CHENB 2 Channel Enable 2 


Speed Signal 
SPTM Speed Timer 
INHECH Inhibit Echo 
DLWG Delayed Write Gate 
—5V —5V 


The KGEM PCB is provided with a potentiometer (RV1) and switches. These functions 
are shown in Table 6.6.13. 


Table 6.6.13 KGEM Potentiometer/Switch Function 


Function Reference CH 


Disk Address 
Device Type/Sector Mode/TAG 4/5 


(6) XCBM PCB 
XCBM PCB assembly is for the dual port function, the test points are located as shown 
in Figure 6.6.6, and each test point function is shown in Table 6.6.14. 
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Channel B Channel A 


m-Orn-oO 
l—onoar mrwrno 
-revoz 


CHB Reserved 


Figure 6.6.6 XCBM Test Points 


S2 MODE SELECT 


FUNCTION 
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Schematic 


TRM1 


TRM2 


TRM3 


Table 6.6.14 XCBM Test Points 


_ CHAENB Channel A Enable 


Disable Channel A Key 


Disable Channel B Key 


Rélease Timer Pulse 


*DISCHA2 
RLTMK 


CHACMP 


= 
Power Ready XB1 
DISCHB Disable Channel B XC2 


DISCHA Disable Channel A XC3 
07 SKENDA Seek End A XC3 


po 

p02 

— 

| 8 | oO 

| ot | *INTR Interrupt (30 ys) 
| 02 =| SKENDB 

| 03 

<a 

7 

8 


Seek End B 


Channel A Reserved XC1 


Channel A Selected 


Clock (200ns) 
Busy A 


*STRSV Set Reserve (300ns) 


CHBRSV 


Channel B Reserved 
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6.6.3 PCB Replacement and Adjustment 
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After PCB or DE replacement, the specified adjustments or settings are required as 
shown in Table 6.6.15. 


Table 6.6.15 PCB Replacement and Adjustment 


| item Replaced Part Adjustment Setting 


Disk Enclosure (DE) (1) POSN Gain Adjustment 
(2) Positioning Time Adjustment (Refer to Item 3) 
(3) Over-shoot Adjustment 


ROWM PCB Assy 
SDORM PCB Assy 


None 


(1) POSN Gain Adjustment (RV5) 
(2) Positioning Time Adjustment (RV2) 
(3) Over-shoot Adjustment (RV6) 


© orwews cee. Suet Rane) 2 Ey & 


CWWM PCE Assy None 


—— VOIM PCB Assy (1) Sector Count Selection (SW1 SW2) 


KGEM PCB Assy (1) Disk Address (SW1) 


(2) Optional Device Type (SW2) 
(3) Sector Mode (SW2) 

Notes:(1) Setting procedures except Device Type on KGEM PCB assembly are described in 

Section 3 (3.3.5). 


(4) Optional Tag 4/5 Enable (SW2) 
(2) The adjustment order on SDRM is from item (1) to item (3). 
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6.6.3.1 Optional Device Type 
The customer can select the optional device type on status lines conjunction with 
optional Tag 4/5 function enabled. The device type of M2298 is specified by keys 
1 to 6 of SW2 on KGEM PCB assembly. 


Decimal 
Number 


Table 6.6.16 Device Type (Optional) 


Key 3 Key 4 Key 5 Key 6 
2 3° 24 2 
OFF OFF OFF ON 


Device 
Type 


Key 1 
Key 2 
Key 3 
Key 4 
Key 5 


Key 6 


P3 (KGEM) 


Figure 6.6.7 Device Type 


6.6.3.2 Position Signal N (POSN) Gain Adjustment (SDRM-RV5) 

(1) Confirm that the unit has normal status. 

(2) Issue RTZ command repeatedly from the control unit. 

(3) Connect the test point TP18 (DRLM) to an oscilloscope and trigger with the 
positive going edge of the signal (DC coupled). 

(4) Connect the test point TP12 (POSN) to the other channel at the oscilloscope 
(DC coupled). 

(5) Adjust a potentiometer RV5 so that the signal amplitude is 8V +0.2V (peak- 
to-peak). 
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ORLM | | 


(TP 18) 


POSN 
(TP 12; 80V +0.2V 


Figure 6.6.8 POSN Gain Adjustment 


6.6.3.3 Positioning Time Adjustment (SDRM-RV2) 
(1) Confirm that the unit has normal status. 
(2) Issue the alternate seek command between Cylinder 0 and 512 repeatedly. 
(3) Connect the test point CH7 (POSTM) on CWWM PCB to an oscilloscope and 
trigger with the positive going edge of the signal. 
(4) Adjust the decelerate time (Tdc) with potentiometer RV2 to the nominal value 
of 13ms + 1ms as shown in Figure 6.6.9. 


(CWWM-CH7) | | 
Tdc 


Tde = 13.0ms + 1.0ms 


Figure 6.6.9 Positioning Time Adjustment 
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6.6.3.4 Over-shoot Adjustment (SDRM-RV6) 

(1) Repeat same procedure as 6.6.3.3 item (1) and (2). 

(2) Connect the test point TP34 (PSDR) on CWWM PCB to an oscilloscope and 
trigger with the positive going edge of the signal. 

(3) Connect the test point TP14 (—FNPOS) on SDRM PCB to the other channel. 
(DC coupled) 

(4) Adjust the over-shoot voltage (Vos) with potentiometer RV6 to nominal value 
of OV + 1.0V/- 1.0V as shown in Figure 6.6.10. 


(CWWM-TP34) 


—FNPOS 
(SDRM-TP14) 


OV 


+1.0V 
- 1.0V 


Vos 1/2: OV 


Figure 6.6.10 Over-shoot Adjustment 


BO3P-4580-0403A...01 6-27 


6.6.4 Electrical Check and Adjustment 
The following description is for electrical checks and adjustments when the repair 
has been performed. 


| Caution: Do not perform the following adjustments when the PCB is replaced. | 


6.6.4.1 ROWM PCB Access Head Write Current Adjustment (EA1) 

(1) Confirm that the unit has normal status. 

(2) Connect the test point CH1 (AHWCA) to an oscilloscope and connect 
the test point CH2 (AHWCB) to the other channel of the oscilloscope 
with INV mode. 

(3) Issue the seek command to Cylinder 0 and Head 0. 

(4) Issue the write command to proper number of records. 

(5) Add the two channel (differential mode) and adjust the potentiometer 
RV1 so that the difference is 392mV + 20mV. 


6.6.4.2 SDRM PCB 
(a) Servo Pulse Window (CA1) 
(1) Connectthe test point TP7 (SVPWD) to achannel of the oscilloscope. 
(2) Adjust the potentiometer RV3 so that following Tss is 450ns + 10ns. 


cee 8 0(CUC(“‘été~t*«*«CR 


Tss 


Tss = 450ns + 10ns 


Figure 6.6.11 Servo Pulse Window 
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(b) PLO! Free Running Frequency (CA2) 


Turn the power off. 

Set the switch S1 to the OFF position. 

Clamp the KGEM-TP17 (GBENB) to OV. 

Turn the power on, and wait 40 seconds. 

Connect the TP5 (PLOVC) to an oscilloscope (DC coupled). 

Adjust the potentiometer RV1 so that TP5 signal is +2.5V + 0.1V. 

Connect the test point TP11 (2 BYTCL) to the Frequency Countr. 

Select the proper capacitance as shown in Table 6.6.16 so that the frequency 
of TP11 is closest to 929.5 kHz. 

Finally adjust the potentiometer RV1 so that the frequency of TP-11 is 929.5 kHz. + 
2%. 


Table 6.6.17 PLO! Adjustment 


(c) PLO! Phase (CA1) 


Turn the power off. 

Set the switch S1 to the OFF position. 

Turn the power on, and wait 40 seconds. 

Connect the test point TP9 (PLOSS) to a channel of the oscilloscope. 
Adjust the potentiometer RV4 so that the following Tss is 2.1 us + 0.1 us. 


oa i in sail 


Tss 
Tss ... 2.1ps + 0.1 ps1 


Figure 6.6.12 PLOSS Adjustment 


(d) DAC Output (CB2) 
(1) 


(2) 
(3) 


(4) 


Confirm that the unit has normal status. 

Issue the alternate seek command between cylinder 0 and 512 repeatedly. 

Connect the test point TP23 (—DA) to an oscilloscope and trigger with the negative- 
going edge of TP23 signal. 

Adjust the potentiometer RV7 so that VDA is —5.6V + 0.3V. 

Refer to Figure 6.6.13. 
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OV 
TP23 
(—DA) 


—5 6V + 0.3V 
(RV7) 


Figure 6.6.13 DAC Output Adjustment 


(e) Fine Velocity (FVEL) Offset Adjustment 
(1) Locate the head onto Cylinder 0 by issuing RTZ command. 
(2) Connect the test point CH4 (FVEL) on SDRM PCB to an oscilloscope. 
(DC coupled) 
(3) Adjust the potentiometer RV8 so that FVEL signal is OV + 30mV. 


6.6.4.3 CWWM PCB 
(a) Settling Time 1 (BE1) 

(1) Confirm that the unit has normal status. 

(2) Connect the check terminal CH2 to an oscilloscope. 

(3) Issue the alternate seek command between Cylinder O and 1 repeatedly. 

(4) Trigger with the positive-going edge of CH2 signal, and then adjust the 
potentiometer RV1 so that the pulse width of CH2 signal is 1.5ms + 0.1ms. 
Refer to Figure 6.6.14. 


CH? \CWWM) 
STL! 
Tst1 


Tst = 1.5ms + 0.1ms 


Figure 6.6.14 Settling Time 1 Adjustment 


6.6.4.4 VOIM PCB 
The adjustment (a) to (d) require a PCB extender. 
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(a) Reference Pulse Adjustment (RV 1) 
1. Confirm that unit has a normal status. 
2. Connect test point CH2 (REFP) signal to one channel of the oscilloscope 
(DC coupled). 
3. Trigger the oscilloscope with the positive-going edge of the test point signal. 
4. Adjust potentiometer RV1 so that the following TREeF is 17ns +0.5ns. 


CH2 


(REFP) —1.8V 


TREF = 17ns+0.5ns 


Figure 6.6.15 Reference Pulse Adjustment 


(b) VFO Free-run Frequency Adjustment (RV 2) 


1. Turn the power off. 

2. SetS1(SDRM PCB) to the off position. 

3. Clamp Card Pin A22 (VFOLK) on VOIM PCB to OV firmly. 

4. Turn the power on, and wait 60 seconds. 

5. Connect the test point CH3 (DTWD) to a frequency counter. 

6. Adjust the potentiometer RV2 so that the frequency of CH3 (DTWD) signal 
is 14.872MHz + 300KHz. 

(c) Delayed Data One-shot (RV3) 

1. Confirm that unit has normal status. 

2. Connect test point CH3 (DTWD) on VOIM PCB to one vertical input of an 
oscilloscope (DC coupled). 

3. Connect test point CH1 (DLDT) on VOIM PCB to the other vertical input. 

4. Trigger with the positive-going edge of TP (DTWD). 

5. Issue a read command to the drive. 

6. Adjust the potentiometer RV3 to that the following T is 15ns + Ins. 


Caution 
Use the same length of probe for measurement 


of T. Read error caused by measurement 
error may occur it this precaution is not fol- 
lowed. 
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50% 
CH3 


(DTWD) 
50% 
CH3 
(DLDT) 
T=15ns+¢1oqs 
Figure 6.6.16 Delayed Data One-shot Adjustment 
6.6.4.5 KGEM 


(a) Speed Timer 
(1) Turn the power off. 
(2) Set the switch S1 of SDRM PCB to the OFF position. 
(3) Turn the power on. 
(4) Connect the check terminal CH2 to an oscilloscope (DC coupled). 
(5) Trigger with the positive-going edge of CH2 signal and adjust the 
potentiometer RV1 so that the positive pulse is 27.5ms + 0.5ms. 


6.6.5 Electrical Measurement 
This description will give the maintenance aid to maintenance personnel for electrical 
measurement. 


6.6.5.1 Read Output Measurement 
Caution: Use the OV terminals near the test points TP6 and TP7 on ROWM 
PCB, and also use the 200MHz wide band oscilloscope. Otherwise 
some measurement error may occur. 


(1) Write a repetitive “CCCCCCCC B6DB6EDB6,,” pattern to all records on 
the desired track. 

(2) Connect the test point TP6 and TP7 on ROWM PCB with the differential 
mode (inverted channel 2 and add with channel 1). 

(3) After writing, measure the peak-to-peak level of VaF and V1F as shown 
in Figure 6.6.22. 
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Note: Measurement may be performed on Cylinder 0 and even Head address. 


V2F > 80mVp-p 


Resolution Ratio = 


ViE * 100(%) = 60% 


Figure 6.6.17 Read Output Measurement 


6.6.5.2 Timing Margin Measurement 
The write data pattern may be “CCCCCCF6DB4CCCCC,,”. After writing on all 
records of Cylinder 0 - even Hed address, this measurement should be performed. 
Caution: Use the OV terminals near the check terminals CHE1 to 3 for the measure- 
ment, also use 2O0MHz wide band oscilloscope. 
Otherwise some measurement error may occur. 


(1) Connect the check terminals CHE1 and CHES on VOIM PCB. Refer to 6.6.4.4 


item (e). 
(2) Adjust CHE1 signal by the potentiometer RV3 to minimum width of critical state 
that no errors occur for five minutes... ————-—__—_—__-. TW 1 


(3) Similarly, adjust the maximum width as mentioned above. ————————~ TWe2 
(4) Perform the procedures 2 and 3 to all even Head on Cylinder 0 respectively. 
(5) The timing margin will be specified as follows: 


TIMG = TW2 (min) — TW1 (max) 5ns 
(6) Finally adjust the CHE1 signal as follows: 
Tw2 (min) + TW1 (max) 


TADJ = ; = 15ns 


Refer to Figure 6.6.23. 
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CH3 


CH1 | 


TW1 


TADJ 


TW2 


Figure 6.6.18 Timing Margin Measurement 
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7. SPARE PARTS LIST 


7.1 SPARE PARTS LIST 


Table 7.1 Spare Parts List 


a 
Toakercowe dataset | 
a 
a 9 
[eosoaezowosoa | 
ee 
vom rcs asenay rome ‘| _eresaezoaoion | 
ee 
a a 
eel 
a 


Speed Transducer 


Blower 


Notes: (1) The spare parts marked by ‘’*1’’ are commonly used with M228X and M2294 Disk Drive. 
(2) The spare parts marked by ‘’*2’’ are commonly used with M2294 Disk Drive. 


(3) The spare parts without ‘’*” are exclusively used for M2298 Disk Drive. 
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IC DETAILS 


8.1 INTRODUCTION 
This section describes functions of TTL, ECL, Linear and FUJITSU Analog Master 


Slice IC’s. 
8.2 LOGIC CONVENTIONS AND SYMBOLOGY 


8.2.1 TTL Logic 
M2298 Fixed Disk Unit uses +5V Transistor-Transistor-Logic. TTL logic is 


defined in terms of standard POSITIVE LOGIC using the following definitions: 


High Voltage = Logical “1” 
Low Voltage = Logical ‘O” 


The input/output logic of TTL are defined as follows: 


(A) TTL Medium Speed IC 


(MAX.) +5.5V 
+5.25V 
ee 1 oe 
+2. 4V 
0.4V 
+2.0V 
+0.8V 
™ ms SS 2" 
ov 
(MIN.) —0.5V "0" 


INPUT OUTPUT 


Figure 8.2.1 TTL Medium Speed IC Level 
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(B) TTL Super High Speed IC Level 


+5.5V 4+5.25V 

“4 oe 
+2.7V 
0.7V 
+2.0V ere 
ad pa er 
WANA 

20 ov 

—0.3V 

INPUT OUTPUT 


Figure 8.2.2 TTL Super High Speed IC Level 


(C) TTL Medium Speed Low Power Consumption IC 


+7.0V 
TA +5.25V 
rye 
+2.7V 
0.7V 
+2.0V 
+0.8V 
co +0.4V 
ESRI 
—0.3V “0” 
INPUT OUTPUT 


Figure 8.2.3 TTL Medium Speed Low Power Consumption IC Level 


BO3P-4580-0403A...01 


8.2.2 ECL Logic 
M2298 Fixed Disk Unit uses —9.2V ECL (Emitter-Coupled-Logic). The high impedance 
of the logic (input to differential amplifier) coupled with the low impedance of the 
driving source (emitter-follower output) allows high DC fan-out. 


High-speed operation and high AC fan-out are possible because all circuits are 
designed to operate in a 50 ohms system. Complementary outputs cause a function 
and its complement to appear simultaneously at the device output, without the use of 
external inverters. In M2298 each output is terminated to resistors. ECL logic is defined 
in terms of standard POSITIVE LOGIC using the following definitions: 

High Voltage = Logical “1” 

Low Voltage = Logical “0” 


The input/output logic levels of ECL are defined as follows: 


—0.81V —0.81V 
" YY 
—0.98V 


—1.105V 


—1.85V 


INPUT OUTPUT 


Figure 8.2.4 ECL Logic Level 


8.2.3. Logic Symbology 
The following conventions are provided to aid in understanding the symbology used 


in this manual. 


(1) TTL 


This indicates AND gate. 
Y Y=A°B 


A - 


This indicates OR gate. 


A 
a Y=A+B 
—— Y 
a: SSeS A circle placed on any input line or on 
the output line indicates that logical 


“0” is the significant state. 
The absence of a circle, “1” is the 
O significant state. 
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(2) ECL 


. , This indicates AND/NAND gate. 
Y=A°'B=Z 

B Z 

A , This indicates OR/NOR gate. 
Y=A+B=Z 

B Z 


This symbol has the same 
meaning as in TTL. 


O 


(3) All logic symbols on each logic diagram are identified by a sequential numbering 
and element type code. 


For example: 
M75° 


U LSOO 
Se F8 


M75°: Sequential part number of each parts list. 
LSOO: Abbreviation (marking) of the element code. 


F8: Physical location of element on P.C.B assembly 


8.3 IC INTERCHANGEABILITY GUIDE 
8.3.1 TILIC interchangeability 


Table 8.3.1 TTL Interchangeability 


Replacement 


SN7400N Quad 2-input NAND 


ee 
Cwasaen | aae | eens | om nat on outer 
aes | ana | amie nan ter 
oe 
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Table 8.3.1 TTL Interchangeability (Continued) 


FUJITSU Direct 


Functions 


Type No. Marking Replacement 


LX16 SN75452P Dual 2-input NAND Buffer 


SN7414N Hex Schmitt-Trigger Inverter 


LS18 SN7408N Quad 2-input AND 


LX20 


LX27 SN74221N Dual Monostable 


LX32 SN7406N Hex Inverter with Open Collector 


LX33 SN7407N Hex Buffer with Open Collector 


MB74S00M S00 (LHO1) SN74SO0ON Quad 2-input NAND 


MB74S04M 


S04 (LH04) SN74S04N Hex Inverter 


MB74508M SN74SO8N Quadruple 2-input AND Gates 


MB74S10M $10 (LHO2) SN74S10N 


Triple 3-input NAND 


MB74S11M $11 (LHO8) SN74S11N Triple 3-input AND Gate 


$133 (LHO7) SN74S133N 13-input NAND 


None $112 (LH10) SN74S112N Dual J-K Flip-Flop 


$124 (LH24) SN74S124N Dual VCO 


MB74S37M 


” 


37 SN74S37N Quadruple 2-input NAND Buffer 


MB74S51M $51 (LHO6) SN74S51N Dual AND-OR-NOT 


SN74S64N 


4-2-3-2 input AND-OR-Invert Gates 


None 


None $74 SN74S74N Dua! D-Type Flip-Flop 


MB74S174M $174 (LH28) SN74S174N Flex D-Type Flip-Flop 


MB74LSO0OM LSOO SN74LSOON Quad 2-input NAND 


MB74LS02M LSO2 


LSO04 


SN74LSO02N 
SN74LSO04N 


Quad 2-input NOR 


MB74LS04M Hex Inverter 


MB74LS08M LSO8 


LS10 


SN74LSO8N Quad 2-input AND 


MB74LS10M SN74LS10N Trip 3-input NAND 


MB74LS11M LS11 SN74LS11N Trip 3-input AND 


MB74LS20M LS20 SN74LS20N Dual 4-input NAND 


MB74LS30M LS30 SN74LS30N 8-input NAND 


MB74LS32M LS32 SN74LS32N Quad 2-input OR 


MB74LS37M LS37 SN74LS37N Quad 2-input NAND Buffer 


MB74LS32M LS42 SN74LS42N BCD to Decimal Decoder 


MB74LS51M LS51 SN74LS51N Dual 2-wide 2-input ND-OR-INV 


MB74LS74M LS74 SN74LS74N Dual D-Type Flip-Flop 


MB74LS85M LS85 SN74LS85N 4-Bit Magnitude Comparator 


MB74LS86M LS86 SN74LS85N Quad 2-input EOR 


MB74LS107M LS107 SN74LS107N Dual J-K Flip-Flop 


LS$123 SN74LS123N Dual Retriggerable Monstable 


MB74LS139M LS139 SN74LS139N Dual 2 to 4 Decoder 


MB74LS153M LS153 SN74LS153N Dual 4-to-1 Data Selector/Multiplexer 


MB84LS161M 
MB74LS164M 


LS161 SN74LS161N 4-bit Binary counter 


LS164 SN74LS164N 8-bit Shift Register 


LS174 SN74LS174N Hex D-Type Flip-Flop 


MB74LS174M 
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Table 8.3.1 TTL Interchangeability (Continued) 


none | tszat | swrauszein | ovaNononmie 
[none | tsero | snvauszvon | ounssaincn 


Note: Direct replacement is a device of Texas Instruments Inc. 


8.3.2 ECL IC Interchangeability 
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Table 8.3.2 ECL Interchangeability 


Functions 


Triple 43-3 NOR 
Dual 4-to-1 Multiplexers 
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8.3.3. Linear IC Interchangeability 


Table 8.3.3 Linear IC Interchangeability 


on rors 
Functions 
Lnaaasiar 
Lsoruiemael 


FUJITSU 


Type No. 


MB3607M 


MB4002M 


(HITACHI) Controlled Oscillator 
Notes: (1) NEC is Nippon Electric Co., Ltd. 


(2) MOTOROLA is MOTOROLA Semiconductor Product Inc. 


(3) NS is National Semiconductor Corp. 


7952-Type —5.2V Regulator 


(4) PM is Precision Monolithics Incorporated. 
(5) SILICO is Siliconix Incorporated. 


(6) Tl is Texas Instruments Inc. 


8.3.4 FUJITSU Analog Master Slice IC 


Table 8.3.4 FUJITSU Analog M/S IC 


FUJITSU 


Direct Replacement 


Functions 


Type No. Marking 
MB4303C A4304 AGC Amplifier 


MB4311C 


nee 
a SL 


Note: They are all original IC’s made by FUJITSU. 


MB4316C 


MB4319C 


MB4320C 
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8.4 FUJITSU PROPRIETARY IC DETAIL 


(1) MB4002M 

High Speed Differential Comparator 
The MB4002M is a Differential Voltage Comparator intended for applications requiring 
high accuracy and fast response times. The device is useful as a variable threshold 
Schmitt trigger, a pulse height discriminator, a voltage comparator in high-speed A/D 
converters, a memory sense amplifier or a high-noise immunity line receiver. The output 
of the comparator is compatible with all integrated logic forms. 


TOP VIEW 


GND 
INPUT (+) 
INPUT (—) 
ye 


See SON 
= 
‘@) 


(2) MB4303C 
AGC Amplifier 


The MB4303C is an Automatic-Gain-Control Amplifier with Differential Inputs and 
Outputs. It contains another Differential Amplifier. 


TOP VIEW 


INPUT2 

: OUTPUT2 
OUTPUT2 
OUTPUT! 
OUTPUT! 
VR 
VAGC 

: VG (GND) 
Vee 


ee ee ee an 
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(3) MB4311C 
Peak Detector 


TOP VIEW 


ee ee Se ee ee 
< 
a 


(4) MB4316C 
Read/Write Bus Switch 


TOP VIEW 


Vee2 


= tT Lf 12, = : GAN2 
: INS 
: IN4 
Receiver : OUTS 
: OUT6 
: GND 
: Veel 
10: IN2 
7 11: IN3 
12: OUT4 
13: OUT3 
14: IN1 
4 7 


WDNHMHAWN— 


15: OUT2 
16: OUT! 
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(5) MB4319C 
Peak Hold 


TOP VIEW 


PH: Peak Hold 
CC: Constant Current 


(6) MB4320C 
Pulse Shaper 
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OS Se we ence 


Oe Or eae ce 


REG! 
VELOCITY 
*GATE1 
*GATE2 
*GATE3 
*GATE4 
CARIE 
GND 
VEE 
REG3 
EVEN2 
ODD2 
EVEN 
ODD! 
REG2 
Vcc 


RDX1 
RDX2 
RDY1 
RDY2 
VEE 
RDA 
RDB 
GND 
OUT4 
OUT3 
OUT2 
OUT! 
VDX 


> CEY 


CEX 


: Vec 


(7) MB74LS11M (SN74LS11) 
Triple 3-Input 
Positive AND Gates 
Y=A°B:-C 


(8) MB74LS51M (SN74LS51N) 
Dual 2-Wide 2-Input 
AND-OR-INVERT Gates 
Positive Logic 
1Y =(1A- 1B 10) + (1D TE TF) 
2Y = (2A° 2B) + (2C- 2D) 


1A 2A 28 2C 20 2¥ GND 


(9) MB74LS54M (SN74LS54N) 
4-Wide 
AND-OR-INVERT Gates 
Positive Logic 
Y=(A°B) + (C- DE) 


(10) MB74LS86M (SN74LS86N) 
Quadruple 2-Input 
Exclusive OR Gates 
Positive Logic 
Y=A+B=AB+ AB 


1A 18 1% 2A 2B 12¥Y GNO 
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(11) MB74LS279M (SN74LS279N) 
| Quadruple S-R Latches 


FUNCTION TABLE 


Vec 45 4A 4Q 352 351 3A 30 


INPUTS | OUTPUT 


1R 181 182 10 2R 2S 20 GNO 


H = high level 

L =low level 

Qo = the level of Q before the indicated input conditions were established. _ 

*This Output level is pseudo stable; that is, it may not persist when the S and R inputs return to their inactive (high) level. 


+ For latches with double S inputs: 
H = both S inputs high 
L = one or both S inputs low 
(12) MB420M (SM7474N) 
MB74LS74M (SN74LS74N) 
Dual D Type Positive Edge Triggered Flip-Flop 
with Preset and Clear 


FUNCTION TABLE 
INPUTS 


PRESET CLEAR CLOCK 


H = high level (steady state), L = low level (steady state), X = irrevelant 
J 1..= high-level pulse; data inputs should be held constant while clock is high: data is transferred to output on the falling edge of 
the pulse. 
= transition from low to high level, | = transition from high to low level 
Qo = the level of Q before the indicated input conditions were established. 
TOGGLE: Each output changes to the complement of its previous level on each active transition (pulse) of the clock. 
*This configuration is nonstable; that is, it will not persist when preset and clear inputs return to their inactive (high) level. 


(13) SN74S112N 
Dual J-K Negative Edge Triggered Flip-Flop 
with Preset and Clear Vee CLA CLR 2CK 2K 21 2PR 20 


FUNCTION TABLE 
INPUTS OUTPUTS 


PRESET CLEAR CLOCK 


CQ 


1K 3K 19 19R 10 10 206 GNO 


TOGGLE 
Qo Qo 


— Dem TKK KIA 


X 
X 
X 
L 
H 
H 
X 


H = high level (steady state), L = low level (steady state), X = irrevelant 

} = transition from high to low level 

Qo = the level of Q before the indicated input conditions were established. 

TOGGLE: Each output changes to the complement of its previous level on each active transition of the clock. 

*This configuration is nonstable; that is, it will not persist when preset and clear inputs return to their inactive (high) level. 
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(14) MB74LS107M (SN74LS107N) 


(15) 


’ 2 
Voc CLA 1CK ZK CLR 2CRK 23 


Dual J-k Mater Slave Flip-Flop with clear 
FUNCTION TABLE 
INPUTS OUTPUTS 


CLEAR CLOCK Q 
L H 


Qo Qo 
H L 
L H 
TOGGLE 


H = high level (steady state), L = low level (steady state), X = irrevelant 

| =transition from high to low level 

oe high-level pulse; data inputs should be held constant while clock is high; data is transferred to output on the falling edge of 
the pulse. 

Qo = the level of Q before the indicated input conditions were established. 

TOGGLE: Each output changes to the complement of its previous level on each active transition (pulse) of the clock. 

*This configuration is nonstable, that is, it will not persist when preset and clear inputs return to their inactive (high) level. 


MB440M (SN74123N) 
Dual Retriggerable Monostable Multivibrator with Clear 


FUNCTION TABLE 


WReat 1 ? 
Vcc Ceat Ces 10 20 CLR 2B 2A 


This monolithic TTL retriggerable monostable multivibrator features d-c triggering from 
gated low-level-active (A) and high-level-active (B) inputs, and also provides overrriding 
direct clear inputs. The retrigger capability simplifies the generation of output pulses 
of extremely long duration. By triggering the input before the output pulse terminated, 
the output pulses may be extended. The overriding clear capability permits any output 
pulse to be terminated at a predetermined time independently of the timing components 
R and C. The output pulse is primarily a function of the external capacitor and resistor. 


For Cext > 1000pF, the output pulse width (tw) is defined as: 


tw : ns 
tw = 0.32RtCext (1 +2) Rt: kohms 
Cext : pF 
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(16) MB442M (SN7442N) 
BCD-to-Decimal Decoder 


These monolithic decimal decoders consist of eight inverters and ten four-input NAND 
gates. The inverters are connected in pairs to make BCD input data available for decoding 


by the NAND gates. Full decoding of valid input logic ensures that all outputs remain 
off for all invalid input conditions. 


(TOP VIEW) 


INPUTS OuTPUTS 


OUTPUTS 


postive logic see functon table 


OUTPUTS 
OuTPUTS 


OuTPUTS 


BCD-TO-DECIMAL DECODERS 


FUNCTION TABLE 


BCD INPUTS DECIMAL OUTPUT 
DCBAs]012345 67 8 


ies Oe Oat 


Tr ke, ee a 


9 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


OOAN DO! & @®NM — © 


Eee ee ee a ee 
Taoretlrojrritiaorl/ereztrer 
LeeLee ae eS ele ae 
oe ES a ee 
a gs Oe les ee bs wis cls om mia Ue Sallis all ame? a= 6 
SS SS es ae A (oes ies in gs oe be eT a She a 
Be SS OS Rees OY CG As aes i egies aw Ae A cade Se Ea are 
le velo: Gees ee | Ee EE Se ee | ce ee, 
he oo Eee or Ee | a a 
wo: sale oe: SG: SG) oe Se ee | Se 


aL. ks aks es hk ee Ee oP ee Coe 
co ee Geel Cees Gis 


Irrxrci 


H = high level, L = low level 
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(17) 


MB450M (SN74161N), SN74LS161N 
Synchronous 4-bit Counter with Direct Clear 


This synchronous, presettable counter features an internal carry look-ahead for 
application in high-speed counting schemes. Synchronous operation is provided by 
having all flip-flop clocked simultaneously so that the outputs change coincident with 
each other when so instructed by the countenable inputs and internal gating. This 
mode of operation eliminates the output counting spikes which are normally associated 
with asynchronous (ripple clock) counters. A buffered clock input triggers the four 
J-K masterslave flip-flops on the rising (positive-going) edge of the clock input 
waveform. 


These counters are fully programmable; that is, the outputs may be preset to either level. 
As presetting is synchronous, setting up a low level at the load input disables the counter 
and causes the outputs to agree with the setup data after the next clock pulse regardless 
ofthe levels of ‘he enable inputs. Low-to-high transitions at the load input should be 
avoided when the clock is low if the enable inputs are high at or before the transition. The 
clear function for the SN74161N is asynchronous and a low level at the clear input 
sets all four of the flip-flop outputs low regardless of the levels of the clock, load, 
or enable inputs. This synchronous clear allows the count length to be modified easily 
as decoding the maximum count desired can be accomplished with one external NAND 
gate. The gate output is connected to the clear input to synchronously clear the counter 
to 0000 (LLLL). 


ENABLE 
T LOAD 


i: 
Qc Qp_ EN- 
ABLE 
T 
LOAD 
ENABLE 
Pp 


ape i 
’ CLEAR CLOCK A B C 
DATA INPUTS 


positive logic: see description 
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Functional block diagrams 


(9) 


fe folie ane 
yy] Let (Ll Let 


LOAD 


Qc 


Qa 
(15) RIPPLE 
CARRY 


(14) 
(12) 


a 
Co 
O Q 
(Se) Oo 
x 
> “” x 


a) 


< 
Oo 
5 
-~ A =< 
}(@ 


a emia\e 


fo ed 


rt Poot Pd Famed -_- —~ ~|O 
a = N w wo = ell 
a 
< < x < < ac D = 
~ as as 
a oO ba a ray J = 
© (@) 
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(18) SN74164N, MB74LS164M (SN74LS164N) 
8-Bit Parallel-Out Serial Shift Registers 


These 8-bit shift registers feature gated serial inputs and an asynchronous clear. The 
gated serial inputs (A and B) permit complete control over incoming data as a lowat either 
(or both) inputs(s) inhibits entry of the new data and resets the first flip-flop to the low level 
at the next clock pulse. A high-level input enables the other input which will then 
determine the state of the first flip-flop. Data at the serial inputs may be changed while the 
clock is high, but only information meeting the setup requirements will be entered. 
Clocking occurs on the low-to-high-level transition of the clock input. All inputs are 
diode-clamped to minimize transmission-line effects. 


(TOP VIEW) 


<== FUNCTION TABLE 
OUTPUTS INPUTS OUTPUTS 


Vcc Qn AG Ags Ng CLEAR CLOCK 


Quy QG Or Age CLEAR 


| 
H = high level (steady state), L = low level (steady state) 
A 8 Qa Og Ac Ap GNO X = irrevelant (any input, including transitions) 
| 
: 


SERIAL INPUTS OuTPUTS t = transition from low to high level 
Qao: Qgo: Quo = the level of Qa, Qg, or Qy, respectively, before the indicated 
eR Oe OR Ae SOE OPA fn Ae caidas Be ees Si steady-state input conditions were established. 
positive logic see function table Qan: QGn = the level of Qa or Qg before the most-recent __ transition of the clock; 
sci as, Goatees ee Dyck he on RE poe tent eee ere indicates a one-bit shift. 


Functional block diagram 


(9) 
CLEAR -—-: 


(8) 
CLOCK —------—— 


(1) 
SERIAL A ~~ 
INPUTS g _!?! 


(13) 


OuTPUT OUTPUT OUTPUT OuTPUT OUTPUT OuTPUT OuTPuT OuTPUT 
Oa Qg Qc Q Q Os Qc Qn 
—> . . . dynamic input activated by transition from a high level to low level 
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(19) 
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SN74175N 
MB74LS175M (SN74LS1 7SN) 
Quadruple D-Type Flip-Flop 


MB74LS174M (SN74LS174N) 
Hex D-Type Flip-Flop 


These monolithic, positive-edge-triggered flip-flops utilize TTL circuitry to implement 
D-type flip-flop logic. All have a direct clear input, and the ’°175, 'LS175, and feature 


complementary outputs from each flip-flops. 


Information at the D inputs meeting the setup time requirements is transferred to the 
Q outputs on the positive-going edge of the clock pulse. Clock triggering occurs at 
a particular voltage level and is not directly related to the transition time of the positive- 
going pulse. When the clock input is at either the high or low level, the D input signal 


has no effect at the output. 


FUNCTION TABLE 
(EACH FLIP-FLOP) 


| OUTPUTS 


SS SS OS ES ES eS eam O6 cum & oo fee 


CLEAR CLOCK 


L 
H 
H 
H 


H= high level (steady state) 

L = low level (steady state) 

X = irrevelant 

+ = transition from low to high level 

Qo = the level of Q before the indicated steady-state input 
conditions were established. 

+ ='175, 'LS175, only 


"175, "LS175 
(TOP VIEW) 


Sie. SS 25 


Vee 40 30 40 30 30 30 CLOCK ! 


CLEAR 10 10 10 20 26 20 GNO 


positive logic: see function table 


LLL SS SF KSA FS SS CK CS So Co me Se Oe 


"LS174 
(TOP VIEW) 
meee te ee 


! 
| Vcc 60 60 50 5Q 40 4Q CLOCK 

! 

' 

' 


CLEAR 10 10 20 20 30 3Q. GNO 
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'LS174 175, LS175, 


(3) (2) 


10 10 
aS 
10 (4) 
-_ io = 
> CK 
CLEAR 
(S 
20 
30 (6) 
3p —t!2! 
1 
oY 
(13 
40 
1 
‘60 (913) 
crock —"?! > 
1 
CLEAR a >< 
(14) 
o 


CLEAR 


1 
—d> . « « dynamic input activated by transition from a high level to a fow level 
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(20) SN74221N 
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Dual Monostable Multivibrator 
with Schmitt-Trigger Input 


The SN74221N are monolithic dual multivibrators with performance characteristics 
virtually identical to those of the SN74121N. Each multivibrator features a negative- 
transition-triggered input and a positive-transition-triggered input either of which can 
be used as an inhibit input. 


Pulse triggering occurs at a particular voltage level and is not directly related to the 
transition time of the input pulse. Schmitt-trigger input circuitry (TTL hysteresis) for B 
input allows jitter-free triggering from inputs with transition rates as slow as 1 volt/ 
second, providing the circuit with excellent noise immunity of typically 1.2 volts. A high 
immunity to Vcc noise of typically 1.5 volts is also provided by internal latching circuitry. 


TOP VIEW 
z : on See hg wake Goes FUNCTION TABLE 
Y Rex! 

Ba. ca 8 (EACH MONOSTABLE) 


Vcc Cext Cent 
INPUTS 


OUTPUTS 
CLEAR B | aQ @ 
L x | Xie H 
HI xe H 
xl EL H 
| o lm o7ar 
{ H |SL a ie i 
! E H {SL L- 


Also see description and switching 
characteristics 


tt itxK x 


CLA ext ext 


ee 


Ce rere eee 


Positive logic: Low input to clear resets Q low and Q high 
regardless of d-c levels at A or B inputs. 


The output pulse width (tw) is defined as: 
tw = 0.7RextCext 


tw; ns, rext: kohms, Cext: pf 


Voc 
Rext 
+ | 
Terminal! Terminal 


TIMING COMPONENT CONNECTIONS 
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(21) SN74S124N 

Dual Voltage Controlled Oscillators 

The ‘S124 feature two independent voltage-controlled oscillators (VCO) in a single 
monolithic chip. The output frequency of each VCO is established by a single external 
component, either a capacitor or a crystal, in combination with two voltage-sensitive 
inputs, one for frequency range and one for frequency control. These inputs can be 
used to vary the output frequency as shown under typical characteristics for the ‘S124. 
These highly stable oscillators can be set to operate at any frequency typically between 
0.12 hertz and 85 megahertz. The output frequency can be approximated as follows: 


fo= 5 x10" 
Cext 
where: fo = output frequency in hertz 


Cext = external capacitance in farads 


(TOP VIEW) 


2 2 Cext 
OVcc RANGE -~——~——— ENABLE OUTPUTS GND 


spy 4 ff 99 Ff 2 
FREQ Y 7 
CONT EN ; 


Voc 


2 1G 1Y  OGND 
———~———_ RANGE “~~~ ENABLE OUTPUT 
FREQUENCY 1 Coxt 

CONTROL 


Logic While the enable input is low, the output is enabled. 
While the enable input is high, the output is high. 
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(22) SN74LS85N 

4-bit Magnitude Comparators 

These four-bit magnitude comparators perform comparison of straight binary and 
straight BCD (8.4.2.1) codes. Three fully decoded decisions about two 4-bit words 
(A, B) are made and are externally available at three outputs. These devices are fully 
expandable to any number of bits without external gates. Words of greater length may 
be compared by connecting comparators in cascade. The A > B, ACB, and A = B 
outputs of a stage handling less-significant bits are connected to the corresponding 
A > B,A < B, and A =B inputs of the next stage handling more-significant bits. 


J OR N DUAL-IN-LINE OR 


FUNCTION TABLES W FLAT PACKAGE (TOP VIEW) 
COMPARING CASCADING 
INPUTS INPUTS OUTPUTS Data ioputs 


a Ne ee, 
‘a3. B2. A2. Al BY AO BO~ 


A3,83 | A2,82 ] Alt,B1 | AO,80 |A -B ArB A=BIJA-B AvB A238 


A3 °-83 x x | x x x x H L t 

A3- B3 x x | x x x x Ll H L 

A3 = 83/A2 -B2 x | x x x x H OL t 

A3:83/A2-B2] x x x MK -wEuL Het 

A3=82/A2=82/A1-81| x x “Me xin ceie 83 Pee 
PSS Ae Be ALCO . ‘ - . " L a ae NG QuT Bui 
A3=B3/A2-82!A1*B1/A0-B0| x -%VM XI H Lot 

A3 = B3 ihe poe ao<eo| x x“ %xVXI Lc wit 

A3 = 83] A2=82/A1=B1/A0* BO} H L L H L L F2 arene fer? fie 
A3=B3/A2*682/A1*=81/A0=BO] L H tuctlLtr Heit 

A3=B3|A2<82/A1+81/A0-B80| L tc uw t cc eH aoe enSuiiisly cabs) elaine tin 
A3:B3/A2-82/A1=B11A0-Bo| x VK HL vw He INPUT CASCADE INPUTS OUTPUTS 
A3*B3/A2-82,/A1*81/A0+-80| H H tte eit 

A3=83/A2=B82/A1*B81;A0=80/ L LL wcf{H Het 


H = high level, L = lowlevel, X = wrelevent 


Functional block diagrams 
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(23) MB74LS153M (SN74LS153N) 
Dual 4-Line-to-Line Data Selectors/Multiplexers 


Each of these monolithic, data selectors/multiplexers contains inverters and drivers 
to supply fully complementary, on-chip, binary decoding data selection to the AND- 
OR-inverter gates. Separate storobe inputs are provided for each of the two four-line 


sections. 
(TOP VIEW) FUNCTION TABLE 
STROBE A DATA INPUTS — quTpUT a eure DATA INPUTS OUTPUT 
Vec 2G SELECT 2Y fot En oe 

ne aA Q 

x x x x x x H L 

L L L x x x L L 

L L H x x x L H 

L H x L x x L L 

L H x H x x L H 

H L x x L x L L 

1G BBAA H L x x H x L H 

103 1C2_1C1_1C0_1V H H x x x L L L 


A ae et 
Bibi - - o - Select inputs A and B are common to both sections. 


H =high fevel, «low level, X = irrelevant 


STROBE 8 oo ————————————- OUTPUT GND 
1G SELECT DATA INPUTS 1Y 


Positive logic: See function table 


Functional block diagram 


STROBE 1G uf. ss 
(ENABLE) = 


100 5) ie 
an 
5) ons ee 
1C1 
ae? ) > (7) OUTPUT 
DATA 1 = 1 
ta a= = 
- EReie 
1¢3 £2! Salmo 
| aN al 
SELECT 
(14) 
PIP 
- H+ 
2c1 tu LoS |. 
| | 
DATA2 lame Db (9) OUTPUT 
2¢2 112) = = 2Y 
2C3 N13) Cie 


STROBE 2G == 
(ENABLE) (y5) 
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(24) SN74LS191N 


8-24 


Synchronous UP/DOWN Counters 
with DOWN/UP Mode Control 


The SN74LS191N is synchronous, reversible up/down counters having a complexity of 
58 equivalent gates. The SN74LS191N is 4-bit binary counters. Synchronous operation 
is provided by having all flip-flop clocked simultaneously so that the outputs change 
coincident with each other when so instructed by the steering logic. This mode of 
operation eliminates the output counting spikes normally associated with asynchronous 
(ripple clock) counters. 


The outputs of the four master-slave flip-flop are triggered on a low-to-high-level transition 
of the clock input if the enable input is low. A high at the enable input inhibits counting. 
Level changes at the enable input should be made only when the clock input is high. The 
direction of the count is determined by the level of the down/up input. When low, the 
counter counts up and when high, it counts down. 


These counters are fully programmable; that is, the outputs may be preset to either level 
by placing a low on the load input and entering the desired data at the data inputs. The 
output will change to agree with the data inputs independently of the level of the clock 
input. This feature allows the counters to be used as modulo-N dividers by simply 
modifying the count length with the present inputs. 


(TOP VIEW) 
INPUTS OUTPUTS 
ere 


ae A, 
DATA RIPPLE MAX/ DATA DATA 


Vcc A CLOCK CLOCK MIN LOAD C D 


INPUTS 


CK RIPPLE MAX/ LOADC 


CLOCK MIN 


DATA Qg Qa ENABLE DOWN/Qo py GND 
B B UP 


INPUT OUTPUTS INPUTS OUTPUTS 


Asynchronous inputs: Low input to load sets Qa = A, 
Qg = 8B. Qc = C. and Qp = D 


Ta ee ee | 
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CLOCK 


‘ DOWN/UP 


DATA 


INPUT A 


ENABLt G 


DATA 
INPUT B 


DATA 
INPUT C 


DATA 
INPUT D 


LOAD 


Functional block diagram 


7 | (13) RIPPLE 
BD; CLOCK 


(12) MAX/MIN 
OUTPUT 


(3) OUTPUT Q P 


(i. ae 
OUTPUT Q., 


a OUTPUT Qc 


e 
e 


(©) OUTPUT Qp 


lf 


se eee somes 
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(25) SN74LS283N 
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4-Bit Binary Full Adders with Fast Carry 


These improved 4-Bit full adders/subtractors feature full look-ahead across four bits 
to generate the carry term in typically 10 nanoseconds. This capability provides the 
system designer with partial look-ahead performance at the economy and reduced 
package count of a ripple-carry implementation. 


These full adders are designed so that levels of the input and output, including the 


Carry, are in their true form. Thus the end-around carry is accomplished without the 
need for level inversion. 


(TOP VIEW) 


I2 B2 A2 i Al B1 co GND 


Functional block diagram 


> 
= 
iN G4 
(feats 
oe ME 
Po of 
« ESAT 00 
Pp ) > L4 
HPL 
Ciiim—¢—p 
Caco 
p3 {t5) > 11 em 
ag (14) ies Ht HD 
Sap (13) 53 
tit“ 
Hep 
go (2) im 
© oe | ee ee 
(ae p- 
pi _ (6) fH 
Bp. 
» © FED 


co (7) Se 
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(26) MB14601C 
Linear Motor Control 


CONNECTION DIAGRAM 
(TOP VIEW) 


*MHFPS 
*PHFPS 


*VNON 


*NOT USED 
BLOCK DIAGRAM 
O ALRZ 
SDRLM © Initia «=f 
Condition Flip-Flop 
*SUM1 O rcul 
Circuit nf cee ore San as Gate DO *VINV 
aoe Circuit 
Te) O *VNON 
*MHFPS 
Gate 
*PHFPS QO Circuit *PSCTK 
4 2 *VEIL 
‘DRLM oO *OFTRK 


‘EVEN O—————_- 
VCO 


Counter Decoder 


Gate 
Circuit 
a | 


PRDY 


*CT7 
CT15 
‘LTSV O— 
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(27) SN75107AN 
Dual Line Receivers 


INPUT INPUT OUTPUT STROBE 
vcc+ VCC- 2A 28 NC 2Y 2G 


TRUTH TABLE 


DIFFERENTIAL| STROBES 
INPUTS aie ee oe 


Vip 2 2omv 


-25mMV < Vin 
~ 25mV 


Vip S$ -25mvV 


INPUT INPUT NC OUTPUT STROBE STROBE GNO 
1A 18 1v 1G S 


(28) SN75110N 
Dual Line Drivers 


OUTPUT OUTPUT INH OUTPUT OUTPUT 
Vcc+ 1v 12. Vec- 0 22 2Y 


TRUTH TABLE 


INHIBITOR 


LOGIC INPUTS INPUTS 
ae oe 


OUTPUTS 


Low output represents the on state 
High output represents the off state 


‘INPUT INPUT INH INH INPUT INPUT GNO 
1A 18 1c 2c 2A 28 
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8.4.1 ECL Detail 


(1) MB10102C (MC10102L) 
Quad 2-Input NOR Gates 


(2) MD10106C (MC10106L) 
Triple 4.3.3 Input NOR Gates 

These gates are low power (25mW), high speed (2.0ns) standard MECL logic 
functions. High impedance input pulldowns allow high dc and ac fanout and 
eliminate the need to tie unused inputs to an external supply. The open emitter 
output allow flexibility in the selection of termination techniques and minimize 
the power requirements when driving transmission lines. 
Wire-O Ring of outputs is available with the open emitter outputs. These functions 
are used in control, bussing, and communications in high speed central processor, 
high speed peripherals, digital communications systems, minicomputer, and 
instruments. 
The MB10102C is commonly used for control, and for bussing data by using 
the Wire-O Ring capability of the basic ECL gate. 


MC 10105 


MC10102 
Quad 2-Input NOR Gate 


Triple 4.3.3 Input NOR Gate 


| | | 

7 
! ‘ : 
| | 


PD 2?5mW typ/aets (No Load) 
tod 2.0ns typ 
PQ)  .sOmW typ/yets (No toad) 


REED Ce PIES SE EE eS 


tvp  2.0ns typ 


it] 
; 
_ 


FE OTS Se SET 
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(3) 


(4) 
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MB10115C (MC10115L) 
Quad Line Receiver 


MB10116C (MC10116L) 
Triple Line Receiver 


The line receivers are essentially very high speed linear differential amplifiers with standard 
ECL outputs. Maximum flexibility is allowed with the open-emitter outputs. Active current 
sources provide the line receivers with excellent common mode noise rejection. The 
functions are useful as both digital and linear parts in high speed central processors, 
minicomputers, peripheral controllers, digital communication systems, and testing and 
instrumentation systems. 

The MB10115C is a quad line receiver with a single output per gate while the MB10116C is 
a triple line receiver with complementary outputs. Both functions have a VBpB reference 
provided to make the devices useful as Schmitt triggers and to permit them to be used In 
other applications where a stable reference voltage is necessary. They are also recommended 
for MOS to ECL interfacing and are used as sense amplifiers for MOS RAM’s. 


MC10115 


| SHAE EINE ECENEN TRIPLE DIFFERENTIAL 
L 


LINE RECEIVER 
> 


MC10116 
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(5) MB10124C (MC10124L) 
Quad TTL to ECL Translator 


(6) MB10125C (MC10125L) 
Quad ECL to TTL Translator 


The 10124 and 10125 are quad translators for interfacing data and control signals 
between a high speed ECL section and low speed saturated logic sections of digital 
equipment. The 10124 has standard TTL inputs and standard ECL, complementary, 
open-emitter outputs. The 10125 incorporates differential inputs and Schottky TTL “totem 
pole” outputs. These devices are useful in computers, instrumentation, peripheral controllers, 
test equipment and digital communication systems. 


Power supply requirements are gound, +5Vdc and —5.2Vdc. Propagation delay of the 
10124 is typically 5ns. The outputs are identical to those of a standard ECL gate. An 
advantage of this gate is that the translation can be done in the TTL equipment and then the 
information can be transmitted, via balanced twisted pair, to the ECL equipment. This 
isolates the ECL logic from the noisy TTL environment. The 10125 has a typical propagation 
delay of 5ns with a fanout of 10 TTL loads. The high speed of both of these functions makes 
them ideal for high speed instrumentation systems and digital communication systems. 


MC10124 MC10125 
QUAD TTL TO QUAD ECL TO TTL TRANSLATOR 
ECL TRANSLATOR 
WITH STROBE 
2 
4 
5 4 3 
6 2 
6 
7 3 : 
1 7 
10 12 
10 
15 3 
11 13 11 
14 
14 
13 
15 


GND 16 | 
Voc (15.0 Vde) = 9 ' Veg 


Veg (-5.2 Vdc) = 8 
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MB10131C (MC10131L) 
Dual D-Type Flip-Flop 


Dual flip-flops are standard ECL 10,000 storage and counting functions. The inputs 
incorporate high impedance pulldown resistors. Emitter-follower outputs are left open for 
maximum flexibility and minimum power dissipation. These functions are very useful for 
control and storage in high speed digital communication systems, instrumentation and test 
equipment, high speed central processors, high speed peripheral controllers and 
mini-computers. 

The 10131 is high speed dual D master slave flip-flop with asynchronous set and reset 
inputs, true and complement outputs. 


Set and reset inputs override the clock for asynchronous operation of the 10131. 


MC10131/MC 10231 
DUAL “D” FLIP-FLOP 


R. S. TRUTH TABLE 


N.D Not Defined 


CLOCKED TRUTH TABLE 


g Don't Care 
C CeEer+Cc 


A clock H is a clock transition 
trans a low to a high state. 
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(8) MB10174C (MC10174L) 
Dual 4 To 1 Multiplexer 


Dual 4 To 1 Multiplexer is a high speed dual channel multiplexer with output enable 
capability. The select inputs determine one of four active data inputs for each 
multiplexer. An output enable forces both outputs low when in the high state. 


LOGIC DIAGRAM 


DOO 30 


DO1 5 0 


> 
~N 
0 


OO 
ce) 
O 


Enable 14 o 


D10 13 9 


D11 110 
015 Q!1 


Di2 12 © 


D1i3 10 ©O 


PIN ASSIGNMENT 


VCcC1 =Pin 1 
VCC2 =Pin 16 
VEE =Pin8 


TRUTH TABLE 


¢= Don’t Care 
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8.4.2 Linear IC Detal 


(1) MB3607M (MC1458C) 
Dual Operational Amplifier 


The MB3607M is designed for use as a Summing amplifier integrator, or amplifer 
with operating characteristics as a function of the external feedback components. 


TOP VIEW 


OUTPUT 1 
INPUT 1 (—) 
INPUT 1 (+) 
y- 

INPUT 2 (+) 
INPUT 2 (—) 
OUTPUT 2 
V ¢ 


2 eo ee ee 


(2) MB4002M 
High Speed Differential Comparator 


The MB4002M is a Differential Voltage Comparator intended for applications 
requiring high accuracy and fast response times. The device is useful as a variable 
threshold Schmitt trigger, a pulse height discriminator, a voltage comparator in 
high-speed A/D converters, a memory sense amplifier or a high noise immunity 
line receiver. The output of the comparator is compatible with all integrated logic 
forms. 


TOP VIEW 


GND 
: INPUT (+) 
: INPUT (-) 


OUTPUT 
V 4 


Sa SS eS 
= 
O 
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(3) JUPC610D 
10 bit D/A Convertor 


The UPC610D is a complete 10 bit plus sign D/A convertor. All elements of a complete 
sign/magnitude DAC are included-precision voltage reference, current steering logic, 
current sources, R-2R resister network, logic controlled polarity switch and high speed 
internally compensated output of amp. The wide power supply range, low power con- 
sumption, choice of full scale output voltages and sign/magnitude coding assure utility 
in a wide range of applications. 


Connection Diagram 
(TOP VIEW) 


VREF 
17 0—- -— 


REF IN 
15 0- 
DIGITAL 
110. 
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(4) UPC271C 
Voltage Comparator 


This is a single high-speed voltage comparator. This device is designed to operate from a 
wide range of power supply voltage, including + 15V supplies for operational amplifiers 
and +5 supplies for logic systems. The output level is compatible with most DTL, TTL, and 
MOS circuits. This comparator is capable of driving Lamps or relays and switching voltage 
up to 50V at 50mA. All inputs and outputs can be isolated from system ground. The output 
can drive loads referenced to ground, Vcc+, Vcc-—. Offset balancing and strobe capability 
are available and the output can be wire-OR connected. If the strobe input is low, the output 
will be in the off state regardless of the differential input. 


Connection Diagram 
(TOP VIEW) 


OUTPUT 


BALANCE/ 
STROBE 


BALANCE 


Equivalent Circuit 


R2 
Ri 1.3k 
5| 300 
BALANCE Cc 
BALANCE/ rae 
STROBE 6 300 
R2 Q3 
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(6) 


(5) MC1590G 
AGC Amplifier 


TOP VIEW 


: OUTPUT (—) 
VAGC 

: INPUT (+) 
CASE 
OUTPUT (+) 
: OUTPUT (—) 

Vv" 

SUBSTRATE 


DS a ee 


DG201BK 
Quad Mono lithic SPST CMOS Analog Switch 


The DG201 is a 4-channel single pole signal throw analog switch which employs CMOS 
technology to insure low and nearly constant ON resistance over the entire analog signal 
range. The switch will conduct current in either direction with no offset voltage in the ON 
condition, and block voltages up to 30V peak-to-peak in the OFF condition. The ON-OFF 
state of each switch is controlled by a driver. With a logic ‘‘0” at the input to the driver (OV to 
0.8V) the switch will be ON, and a logic “1” (2.4V to 15V) will turn the switch OFF. Switch 
action is break-before-make. 


TOP VIEW 


1: INI 9: IN3 
2: D1 10: D3 
3: S! 141: $3 
4: V~- 12: VREF 
5: GNO 13: V° 
6: S4 14: $2 
7: D4 15: D2 
8: IN4 16: IN2 
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(7) MC3450L 


Quad Line Receivers 


TRUTH TABLE 
INPUT 


Vip +24mvV 


—25mV Vip 
+24mV 


Vip +24mvV 


L: Low Logic Stage 

H: High Logic State 

Z: Third (High Impedance) State 
I: Inceterminate State 


(8) SN75108AN 


STROBE 


OUTPUT 


Dual Line Receivers with Open-collector 


TRUTH TABLE 


DIFFERENTIAL STROBES 
INPUTS = 


—25mV V 
25m yD 


SN75110AN 
Dual Line Drivers 


(9) 


TRUTH TABLE 


; INHIBITOR 
LOGIC INPUTS | INPUTS 


| 
| 
| 8B is ee. 
i. 
LorH | L Lor H | 


eee 
LorH Lor H 


ae 
. 
as 
4 


Low outpul represents the on state 
High output represents the off state 
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INPUT OUTPUT OUTPUT INPUT 
B B D D 


VEE 


+ STROBE + 
OUTPUT OUTPUT 
A Cc 


INPUT GND 
Cc 


INPUT INPUT OUTPUT STROBE 
vcce VCC- 2A 28 NC 2v 2G 


(INPUT INFUT 
18 


NC OUTPUT STHOBE STROBE GNO 
1A tv 1G s 


OUTPUT OUTPUT 
12 


INKS OUTPUT OUTPUT 
Vcce 1Y 22 ay 


Vcc - 


INPUT INPUT 
tA 16 


Rent iNH INPUT INPUT 
ite 2c 2A 26 


GNO 


8.4.3 FUJITSU Analog Master Slice IC Detail 


(1) MB4301C 
Differential Amplifier 


The MB4301C Is a three-stage Differential input, Differential output Amplifier. 
All stages are gain-selectable with external resistors. 


Vec2 
OUTPUT 2 
G3A 

G2A 

G2B 

: AMP ENABLE 


TOP VIEW 


Me tee: oe see ee ee ee 


GIAG3A: GAIN 
G1BG3B: SELECT 
GC : GAIN CHANGE 


(2) MB4302C 
Head Selection Circuit 


TOP VIEW 


CE 


Se ee ee 


GND 


13: CD 


16: Vec 


CE: Chip Enable 
CD: Detection for Multi selection 


BO3P-4580-0403A...01 8-39 


(3) MB4303C 
AGC Amp 


The MB4303C is an Automatic-Gain-Control Amplifier with Differential Inputs and Outputs. 
It contains another Differential Amplifier. 


TOP VIEW 


: VAGC 


OINHM LON — 
‘e) 
Cc 
: 
Ca | 
ath 


15: OUTPUT 2 
16: Vcc 


(4) MB4305C 
Write Amplifier 


The MB4305C is a Write Amplifier with two write enables (WEN1 and WEN2), AC and 
DC echo detection output and Current-off circuit in case of power failure. 


TOP VIEW VB 
VALM 
WEN1 
WEN2 
Vec2 


DC-ECHO OUTPUT 


a 
Qe ae ee ee ee 


en 
-_—_ 


> OUTPUT 

> CURRENT INPUT 

: HD! 

> AC-ECHO OUTPUT 
: HDO 

: Vecl 


_ 
RO 


~ 
co 


— wa wa 
nm 
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(5) 


(6) 


MB4311C 
Charge Pump 


MB4316C 
R/W Bus Switch 


TOP VIEW 


TOP VIEW 
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Cad 
= 


awh et «at oat ot 
oe AN 
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COMPYMANMRON = 


Vee2 
GAN2 
GAN1 
IN5 
IN4 
OUTS 
OUT6 
GND 
Veel 
IN2 
INS 
OUT4 
OUT3 
IN1 
OUT2 


> OUT! 


8-41 


BLANK 


Section 9 
Parts List 


BLANK 


9. PARTS LIST 


9.1 


9.2 


9.3 


ASSEMBLY DRAWINGS (ILLUSTRATION) 


The assembly drawing is the illustration that each part of every block was analyzed 
relationally on the assembly. Each analyzed part is given the number, which corre- 
sponds to the number in the INDEX No. column of the list. And mechanical assembly 
showing which part of the unit is analyzed, is given on the page. 


(NOTE) The parts that can’t be disassembled on a usual maintenance work are not 
illustrated in their assembled state, and given a number of the parts. And the 
quantity of parts, and specification are entered in the list corresponding to 


the number of parts. 
When all parts are entered in the list, the INDEX No. column will be blank. 


LIST 


The quantity of parts, the name of parts and specification are entered corresponding 
to the number of the illustration. 


9.2.1 Index No. 
A number is assigned on each part in the illustration. The number corresponds 
with the INDEX No. But in case INDEX No. is given at every part of assembly, 
the column of INDEX No. will be blank. 


9.2.2 Composition & Quantity 
Quantity of composition represents the major and minor relation to the setting 
No. of assembly parts. (The left side indicates large assembly, and the parts 
in the assembly shift to the right in turn). 


9.2.3 Specification 
Specifications of parts (drawing No.) are represented. 


9.2.4 Description 
Name of the part (in Japanese), maker of parts and applicable machine etc. 
are entered. 

EXAMPLE 


COMPOSITION & QUANTITY: 

“BO10-3110-T001A” consists of “BO10-3110-V044A”, “F6-SWINA-4 x 10S” “B0O10- 
3110-VO35A” and ‘“F6-SAHT-4 x 6” of these; “‘BO10-3110-V044A" consists of 1-4 of 
the INDEX No. column, and ‘‘B010-3110-V035A” consists of 6-13. 


The quantity of each part that is mounted is given by the number in this column. 
Parts whose INDEX No. has *mark are maintenance parts. 
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Figure 9.1 PARTS LIST EXAMPLE 


“*WE0V0-08Sb-dE0d 


LO’ 


£6 


INDEX 
NO. 


Oo & W NH 


o> 


°7 


1 


COMPOSITION 
& QUANTITY 


2e = meee 


SPECIFICATION 


BO10-3110-TOO1TA 
BO10-3110-V044A 
BO10-3110-X098A 
BO10-3110-YO02A 
F6-SNA-3x5S65 
F6-WB-3S 
F6-SW1NA-4x10S 
BO10-3110-VO35A 
BO10-3110-W026A 
BO10-3110-X068A 
BO10-3110-X077A 
F6-SNA-3x6S65 
F6-WM-3S 
B010-3110-X018A 
6232ZS 
F6-SNA-3x6S65 
F6-WB-3S 
F6-SAHT-4x6 


Table 9.1 Part List Example 


DESCRIPTION 
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Card Reader Unit 
Guid 

Plate 

Plate 

Screw 

Washer 


* Screw 


Eccentric Roller Assy 
Roller Assembly 
Roller 

Plate 

Screw 

Washer 

Distance Piece 

Ball Bearing 


- Screw 
. Washer 


Screw 


CHARACTER 


REMARK 


REVISION 
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Figure 9.2 FIXED DISK UNIT 


Table 9.2 Fixed Disk Unit 


REVISION 


REMARK 


CHARACTER 


DESCRIPTION 
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O* 


INDEX |; 
NO 


M2298N only 
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c 
Oo 
x 
ro) 
rep) 
N 
nN 
= 


| M2298 only 
M2298K 
M2298N 
M2298 
Optional 


Optional 
{ Optional 


M2298N Fixed Disk 
Panel Unit 24” Slide 
Panel Unit 24° Slide 


M2298K Fixed Disk 
Disk Enclosure 
Sub Frame Unit 
Sub Frame Unit 
1 Gate Unit 
Panel Unit 


BO3B-4585-B181A 
BO38-~4585-B183A 
B030-4540-T012A 
' BO3B-4585-E511A 
| B03B-4585-E512A 
BO3-4540-E010A 
BO3B-4540-E352A 
BO03B-4540-E353A 
BO3B-4540-E354A 
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Figure 9.3 DISK ENCLOSURE 
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B030-4540-T012A 
BO30-4420-W031A 
F6-SW2NA-4x12S 
B16B-8940-0010A 
F6-SW2NA-3x6S 
B030-4420-W370A 
B16B-9000-0060A 
BO30-4540-W042A 
BO30-4420-X008A 
B030-4420-W006A 
F6-SW2NA-4x8S 
F6-WM-4S 
F6-SW2NA-4x8S 
B030-4420-W030A 
F6-SW2NA-2.6x5S 
B030-4420-X009A 
F6-SW2NA-4x10S 
F6-NYC-2.5 
F6-SW1NA-4x8S 
BO30-4420-Y043A 
BO30-4540-X514A 
B030-4540-X513A 
F6-WB-8S 
F6-NI-8S 


Table 9.3 Disk Enclosure 


DESCRIPTION 


Disk Enclosure 
Cable Assy 
Screw with Washer 


Through Connector | 


Screw with Washer 
Cover Assy. 

Read Switch 
Frame Assy. 

Plate 

Antistatic Brush 
Screw with Washer 
Washer 

Screw with Washer 
Switch Assy. 
Screw with Washer 
Plate 

Screw with Washer 
Nylon Clip 

Screw with Washer 
Bush 

Rubber packing 
Washer 

Washer 

Hexagon Nut 


Speed Transducer 
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Figure 9.4 SUB FRAME UNIT 
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SPECIFICATION 


BO3B-4585-E511A 
B03B-4585-E512A 
BO30-4585-V120A 
BO30-4585-X112A 
B030-4420-W103A 
F6-SW2NA-4x12S 
B030-4420-X153A 
F6-ER-8sus 
B030-4585-X107A 
BO30-4585-X101A 
F6-SW2NA-4x12S 
FA-SSA-4x12S 
BO30-4585-X102A 
BO30-4420-X143A 
B030-4420-Z144A 
BO30-4420-Y154A 
F6-WM-4S 
BO030-4585-W102A 
F6-SW2NA-4x8S 
B030-4420-W106A 
F6-SW2NA-4x8S 
B030-4420-X156A 
BO30-4420-X146A 
F6-SW2NA-4x10S 
BO30-4420-X109A 
BO30-4585-W114A 
B030-4585-X113A 
BO30-1190-Z117A 
F6-SW3NA-4x35S 
BO30-4420-X150A 
F6-SW2NA-4x6S 
C63L-0670-0011#5 


B30L-1000-0108A 
#L1026 


Table 9.4 Sub-Frame Unit 


DESCRIPTION 


Sub Frame Unit 
Sub Frame Unit 
Sub Frame Assy 
Sub Frame 

Pivot 

Screw with Washer 
Shaft 

Retaining Ring 
Plate 

Plate 

Screw with Washer 
Screw 

Piate 

Spring 

Slide Plate 

Bolt 

Washer 

Motor Cover Assy 
Screw with Washer 
Spindle Cover Assy 
Screw with Washer 
Plate 

Plate 

Screw with Washer 
Packing 

Pulley Assy. 
Pulley 

Tapered Plate 


Screw with Washer 


Gate Cover 

Screw with Washer 
Housing 

Belt 


| CHARACTER 


CNJ4 


REMARK 
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Figure 9.4 SUB FRAME UNIT 
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_ 


SPECIFICATION 


CT-EFL23M326U-U 
CT-EFL45M605U-U 
F6-SW2NA-4x10S 


C42L-1520-0001 #2E 


F6-SW2NA-4x10S 


CT-CE62W1E682A#P 


F6-SW2NA-4x10S 


RO10V-1G-10R00-J02 


BS8L-0170-0001A 
C58L-0080-0001 
C58L-0090-0001 
BO30-4420-Z106A 
F6-SW2NA-4x10S 
C65L-2100-0003 
C65L-2100-0008 
F6-SW3NA-3x16S 
BSOL-1190-0001A 
F6-SW2NA-4x45S 
B57L-0040-0003A 
F6-SW2NA-3x6S 
B030-4420-X157A 
F6-SW2NA-3x6S 
C30L-2010-0001 


N42L-1911-0002 
#FQ-13 


CSOL-2090-0006 
B9SOL-0980-0002A 
CT-AD-04 
CT-AD-11 
8370-0950-0232A 
B90L-0980-0004A 
BO30-4585-X106A 
F6-SSA-4x6S 


Table 9.4 Sub-Frame Unit (continued) 


DESCRIPTION 


Capacitor 
Capacitor 

Screw with Washer 
Capacitor 

Screw with Washer 
Capacitor 

Screw with Washer 
Resistor 

Relay 

Socket 

Holder 

Plate 

Screw with Washer 
Terminal 

Terminal 

Screw with Washer 
Blower 

Screw with Washer 
Fan Alarm Assy 
Screw with Washer 
Plate 

Screw with Washer 
Clamp 

Spark Killer 


Diode 
Motor 
Clamp 
Clamp 
Label 
Motor 
Plate 
Screw 


CHARACTER 


C3 
C3 


R1 
RL 


TRM3 
TRM2 


FAN 


FALM 


$Q1. SQ2 


D1. 02 
M 


REMARK 


M2294K/M2298K 
M2294N/M2298N 


Brake Relay 


M2294K/M2298K 


M2294N/M2298N 
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Figure 9.5 GATE UNIT 
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Figure 9.6 Panel Unit 
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Table 9.6 Panel Unit 


COMPOSITION 
& QUANTITY ; SPECIFICATION DESCRIPTION ; CHARACTER REMARK 


BO3B-4540-E352A 
B030-4540-W401A 
N860-3251-T002 
BO3B-4540-E353A 
BO30-4540-W401A 
B27L-0230-0004A 
BO30-4540-X418A 
BO30-4380-X042A 
F6-SW2NA-5x12S 
N860-3251-T002 
BO03B-4540-E354A 
827L-0230-0004A 
BO030-4540-X418A 
B030-4380-X042A 
F6-SW2NA-5x14S 


Panel Unit 

Front Panel | 

Operator Panel 

Panel Unit 

Front Panel 

Slide Guide 24", 1 pair 
Bracket 

Nut Bar 

Screw with Washer 

Operator Panel 

Panel Unit 

Slide Guide 24”, 1 pair 
Bracket 

Nut Bar 

Screw with Washer 
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Figure 9.7 Dual Port Unit 


Table 9.7 Dual Port Unit 
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